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LETTER OF TRANSMITTAL. 


The Honourable William Sloan, 
. Minister of Mines of the Province of British Columbia, 
z Victoria, B.C. 


Sir,—After preliminary eorrespondence in January and February of the present year, 
I received a letter from Mr. Wm, Fleet Robertson, dated May 18th, in which he asked whether 
I could make an investigation of the feasibility of smelting your magnetite ores in electric 
furnaces, provided that certain information, such as the quantity, quality, and cost of the iron 
ores available, were furnished to me. I replied by telegram and letter of May 26th, offering 
to undertake the investigation; and received a telegram from Mr. Robertson, dated May 30th, 
instructing me to proceed with the investigation. 

Mr. Robertson’s telegram was confirmed by a letter dated June 20th from the Provincial 
Secretary, informing me that I had been appointed by His Honour the Lieutenant-Governor in 
Council to carry out the investigation; my appointment dating from June 5th. 

I left Montreal on June 5th, reaching Victoria on June 10th, and devoted myself to the 
inquiry from that date until July 18th, when I left Vancouver for Montreal. This time was 
spent mostly in Victoria and Vancouver, but fourteen days were occupied in a visit to San 
Francisco and Heroult, California, for the purpose of ascertaining the progress that had been 
made in the electric smelting in that locality. I also visited Nanaimo, at your request, to 
inspect a process for the production of charcoal. 

A supply of cheap electric power is an, essential condition for the electric smelting of iron 
ores, and I made careful inquiries: with regard to this. The power companies in Vancouver 
were unable, during my visit, to give me definite information on this point, but I understood 
that power could probably be provided at about $15 per electrical horse-power year; a price at 
which it seemed possible that electric smelting could be undertaken commercially. 

On this understanding I made a thorough investigation of the other elements of cost and 
of the most efficient methods for smelting iron ores under the conditions existing in British 
Columbia, and came to the conclusion that electric smelting would be possible under these 
conditions. 

On September 19th, when my report was nearing completion, I received a letter informing 
me that the charges for electric power would be nearly twice the figure I had assumed in my 
calculations. This change not only alters very greatly the cost of pig-iron obtained by electric 
smelting, but has caused a radical alteration of the character of my report. Under this changed 
condition the electric smelting of iron ores by existing methods is searcely possible, and the 
only remaining opening, unless cheaper power can be obtained, is by developing a new process, 
which has lately come to my notice, and which appears to be more economical than the usual 
methods of electric smelting. The possibility of the electric smelting of iron ores in British 
Columbia, using power from the present sources of supply, would seem to depend on the 
successful development of this new process. : 

I beg to submit herewith the report of my investigation. 

I have the honour to be, 
Sir, 
Your obedient servant, 
ALFRED STANSFIELD. 
McGill University, Montreal, November 11th, 1918. 


INTRODUCTORY. 


EXTRACTS FROM CORRESPONDENCE RELATIVE TO THE 
INVESTIGATION. 


DEPARTMENT OF MINES, 
OFFICE OF PROVINCIAL MINERALOGIST, 
VictoriA, B.C., May 18th, 1918. 
Dr, Alfred Stansfield, 
McGill University, Montreal, P.Q. 


DEAR Dr. STANSFIELD,—I am instructed by the Honourable the Minister of Mines, the 
Hon. William Sloan, to say that at last matters have come round so that he can see his 
way to go ahead with the investigation of the commercial feasibility of the smelting of our 
_ magnetites in an electrical furnace, and he has asked me to find out if you are still open to 
- engagement for such purpose this summer. 

His idea is that we can provide you with all requisite data as to quantity and quality of 
ores available, costs of delivering same at any given point, all analyses of ores and fluxes, cost 
of labour by day, etc., fuel, quality, and costs. : 

On this data, so provided you, you could base your calculations and conclusions, and your 
responsibility would not extend back of the data so provided. 

You would further not be required to go into the question of market. It seems to me that 
this would greatly lessen the work expected of you and your responsibility, taking much less time. 

If you are still open to make investigation, I would be obliged if you would telegraph the 
Minister or myself to that effect. . . . It would, of course, be very desirable that you came 
out here and looked over the ground for yourself and indicated to us in advance just the data 
you would require to be provided with. 

I am, 
Yours very truly, 
(Signed.) Wm. FLeeT RoBERTSON, 
Provincial Mineralogist. 


DEPARTMENT OF METALLURGY, 
McGitt Universiry, May 26th, 1918. 
William Fleet Robertson, Hsq., 
Provincial Mineralogist, Victoria, B.C. 


DeEAR Mr. Rosertson,—I am much obliged for your letter of the 18th, which reached me on 
Saturday morning, the 25th. . . . I consider that on the basis outlined in your letter I could 
make a satisfactory report to the Government on the feasibility of smelting the British Columbia 
magnetites in electrical furnaces. P 

I expect to be in New York on June ist, but I could leave Montreal for the West on the 
8rd, and suppose that I should go in the first place to Victoria to confer with yourself and others 
having information bearing on the subject, to collect all the information available at that point 
and perhaps to visit some probable location for the smelter. 

I have been making inquiries with regard to the progress of the electric smelting of iron 
ores by the Noble Electric Steel Company at Heroult, California, and learn that this has been 
given up and that the plant is now used for the production of ferro alloys. I am informed that 
the smelting of iron ores in California has never been commercially successful, due to unsatis- 
factory commercial conditions. In view of this, it appears to me that most valuable information 
could be gained if the Government could obtain permission for me to visit and inspect the plant, 
and to discuss with the management the reasons which led to their want of success. 

pais Fi. 9: general way I can state in advance :— : 

(1.) It is unlikely that the electric furnace can be operated in British Columbia, under 

normal conditions, in competition with the blast-furnace for the production of tonnage iron. 
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ELECTRIC SMELTING OF IRON ORE. 


This has passed the experimental stage and is in operation commercially on a large scale 
in Sweden and elsewhere. The product of this operation is a special quality of high-grade iron 
which commands a higher price than ordinary blast-furnace iron, and the cost of production 
is in general too high to allow of competition at equal prices with the blast-furnace product. 
Carbonaceous material is needed, even in electric furnaces, for reducing the iron ore to metal, 
and for this purpose charcoal is preferable and is generally used. The electric furnace that has 
been adopted for the commercial! smelting of pig-iron is that of Messrs. Wlectro-Metals, Limited, 
of Sweden, which may be regarded as the standard. The pig-iron normally produced from this 
furnace, although unusually pure and commanding a high price, is a white or low-silicon iron, 
unsuitable for use in the iron-foundry. The officials of the Swedish company consider that a 
foundry iron can be made by these furnaces, though at a somewhat higher cost, but I have no 
evidence that this has been accomplished in regular commercial practice, and the Noble Electric 
Steel Company, which smelted iron ores electrically for several years at Heroult, in California, 
was obliged to adopt a different type of furnace for the production of foundry iron. I consider, 
however, that the Hlectro-Metals furnace could be used for this purpose because any low-silicon 
‘iron could be made suitable for foundry use by additions of ferro-silicon; but considerations 
which will determine the best type of furnace for use in British Columbia are given later in 
the report. 


FACILITIES FOR ELECTRIC SMELTING IN BRITISH COLUMBIA. 


The essential conditions for the electric smelting of iron ores on a commercial scale are: 
A supply of high-grade ores at a reasonable price, an ample supply of cheap electric power, a 
supply of charcoal or other fuel at a moderate price, a supply of labour at a moderate price, 
_a suitable location for the smelting plant, and a sufficient market for the resulting iron at a 
rather high price. The situation in British Columbia may be considered under these separate 
heads as follows :— 
TRoN ORES. 


The information furnished to.me by your officials shows that the iron-ore deposits of the 
Province have not been opened up to any extent, but that it is safe to assume that adequate 
supplies of ore of reasonable richness and purity can be obtained at easily accessible points, 
These ores are chiefly magnetites, and on this account are undesirable for use in the blast-furnace 
except in admixture with other ores; magnetites are, however, quite suitable for treatment in 
the electric furnace. It appears that the ores are not of very high grade, but that a supply may 
be expected to contain from 50 to 55 per cent. of iron. The ores are practically free from phos- 
phorus and titanium, and the proportion of sulphur can probably be kept as low as.0.1 per cent. 
The ores under consideration are also practically free from copper. Your officials estimate that 
a supply of 50,000 tons per annum of ore of this grade can be delivered at a suitable smelter-site 
at a cost, under present conditions, of about $4 per net ton, which would be made up as follows :— 
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From the information at my disposal, I feel satisfied that these ores can be smelted 
> electrically for the production of a high-grade pig-iron. For the production of one long tonj 


* Using a royalty in this estimate removes the need of considering the purchase of an iron-mine. 

+ Long and Short Tons.—Pig-iron is sold by the long or gross ton of 2,240 Ib. not only in England 
and Canada, but in the United States, and I have conformed with this custom in my report. The 
supplies needed for smelting, such as iron ore, charcoal, coal, and coke, are sold in British Columbia 
by the short or net ton of 2,000 lb., and the use of this dual system has necessarily “complicated the 
calculations in this report. The situation is further complicated because, in Government reports, pig-iron 
is estimated by the short ton, and in regard to pig--iron quotations in British Columbia it is sometimes 
difficult to say which ton is intended. In sweden a more consistent system is followed, as the pig-iron 
and all the necessary supplies are measured by the metric ton of 1,000 kilograms, or 2,204 lb. This ton, 
which may be assumed in all statements of the Electro-Metals Company of that country, can be taken 
without serious error to be the same as the long ton. 
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of pig-iron about 2 net tons of 55-per-cent. ore would be needed, so that the ore would cost i 
per long ton of pig-iron. In view of the somewhat low grade of the ore, the cost of smelting 
per ton of product will be rather higher than is usual with the Swedish ores, but this may 
perhaps be remedied by the use of magnetic concentration. ~ , 


ELECTRIC POWER. oe 


British Columbia is well provided with water-powers, and many of these can be developed ys 
cheaply for the use of electric-smelting and similar industries. Competent engineers have 
assured me that some of these powers in accessible locations can be developed at such a cost 
as to yield a continuous electrical horse-power for smelting at a cost of $10 per annum. This a 
figure is not much higher than obtains in Sweden, and if a dependable supply of power can be ae 
secured at this rate it seems almost certain that an electric-smelting industry can be undertaken ete 
profitably. The consumption of power, under conditions obtaining in British Columbia, would be | 
between 0.4 and 0.5 of a horse-power year per ton of iron produced; -so that the cost for power 
should be between $4 and $5 per long ton of pig-iron. Some 8,000 or 9,000 horse-power would Be a ‘3 i, 
needed for a daily production of 50 tons of pig-iron. 7 aed ag 

In view of the desirability of producing pig-iron at the earliest possible time, and of the 
difficulty and expense attending the development of water-powers under present conditions, it is 
highly desirable, if not imperative, that an electric-smelting industry shall be supplied, in the — 
first place, from powers that are already developed. The British Columbia. Electric Railway | 
Company has surplus power which might be employed for this purposé, and I gathered from | 
the officials of this company that they could possibly supply such power at $15 per horse-power 
year, a charge which appeared to me to be the highest that the industry could support. Under. ay 
these conditions the cost for power per ton of pig-iron would be between $6 and $7.50. ae a‘ ; 

Since returning to Montreal I have received a letter, dated September 12th, from the general | 
manager of this company, informing me that conditions have changed since my visit, and that | 
they would now have to charge higher rates. They would be willing to make short-term contracts 
for from 2,000 kw. to 10,000 kw. of electric power in Vancouver District for restricted service _ 
during the peak-load periods at a rate of 0.5 cent per kilowatt-hour. This charge would amount 
in effect to at least $27.80 per horse-power year and would represent a charge of from $11 to. 
$14 per ton of iron. They would also offer 2,000 kw. of power on Vancouver Island at $15 per 
horse-power year for a short term and subject to peak-load restriction. The proposed charge in 
Vancouver is, I believe, altogether too high to allow of the commercial production of pig-iron 
by present methods, except perhaps on a small scale as a temporary operation to take advantage 
of the present high price of pig-iron. The supply on Vancouver Island, besides its uncertainty, 
is too small to permit of profitable operation. 
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CHARCOAL AND COKE FOR REDUCTION. 


For the electric smelting of iron ores a supply of carbonaceous material is needed for e. 
reducing the iron ore to metal. For this purpose charcoal is generally used, although coke is 
employed to some extent. Charcoal is preferable to coke on account of its greater purity, as a 
higher grade of pig-iron can be obtained by its use. The use of charcoal is more satisfactory 
also from an operating point of view, and the consumption of power is greater when coke is 
employed; a proportion of coke can, however, be used without difficulty in admixture with ~ 
charcoal.” The consumption of charcoal varies with the grade of iron required, and the type % ~ 
of furnace employed, from about 0.4 to 0.5 net tons of charcoal per long ton of pig-iron, so that 
20 or 25 tons of charcoal would be needed daily for an output of 50 tons of pig. 

In the Coast districts of British Columbia there is an abundant supply of timber from srhichs 
charcoal can be made suitable for use in electric smelting. At present there is no considerable — 
clfarcoal industry, and the small quantities now obtainable cost as much as $30 per ton, a ae iia 
which would be prohibitive for the electric smelting of iron ores. In view, however, of the large 
amount of waste wood produced at some of the large sawmills, it appears reasonable to suppose 
that a well-designed charring plant can be erected that would utilize this waste material and 
deliver charcoal to the smelter at a cost of from $6 to $8 per net ton; estimated on the following 
basis :— 


n*9:Gno. 5 Erecrric Swevrinc or Iron Ors. ile 


2% cords of Douglas fir mill-waste ................ BAP e ORGS Fe ini . $2 50 
Cost of charring, less returns*for by-products <. 0. ss05.). 05... ete ee nes 2 50 
Garriagerot charcoal tor smelter wet since a Se vin’ «200d tees se hele eo Yeecmn ts 1 00 
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With regard to the method to be employed, it may be stated briefly that the Douglas 

‘fir, which would probably constitute the staple supply for charcoal-making, does not furnish 
by-products of suitable quality and quantity to warrant the use of elaborate methods for their 
_ recovery. Charcoal should therefore be made in large kilns, or in some appliance which might 
be devised to char the wood-waste with the minimum amount of hand-labour; in either case a 
partial recovery of by-products could be made at a moderate expense. 

It does not appear that coke can be produced from British Columbia coals at a price that 
would be as low as that of charcoal; and unless the coke was decidedly the cheaper per ton it 
would be more economical to use charcoal. Coke breeze, however, can probably be obtained for 
a very nominal charge, and can be used in admixture with charcoal in cases where extreme 
purity of the pig-iron is not desired. 


LABOUR. 


The Department of Labour has furnished me with a statement of the supply, nature, and 
cost of labour in British Columbia, from which it appears that labourers are fairly plentiful 
and receive nearly $4 a day, and that most skilled men are scarce at about $6 a day. The cost 
of labour per ton of product will depend very largely on the size and output of the plant and 
the nature of its equipment; but it appears that in a fully equipped plant making about 50 tons 
of pig-iron daily, besides steel and ferro-alloys, the cost of labour might be from $4 to $5 per ton 
of iron; although in the initial stages the labour cost would certainly be higher, perhaps in 
the order of $7 per ton of iron.. The manner in which these figures are arrived at is stated 
in the Appendices. : 

’ LOCATION FOR SMELTING PLANT. 


A plant for the electric smelting of iron ores should be conveniently situated with respect 
to the supplies of ore, charcoal, and other requirements; it should also permit of cheap delivery 
of the iron and other products to market. The plant must be placed as close as is convenient 
to the source of electric power, so as to lessen the cost of transmission. When a satisfactory 
supply of power has been secured, it will doubtless be possible to obtain a smelter-site within a 
reasonable distance of the power-station and located on tide-water, so as to provide for cheap 
delivery of supplies and products. A plant located near a centre of population, such as Van- 
couver, would have advantages with respect to labour and general supplies and nearness to 
markets, but the provision of an adequate and cheap supply of electric power, iron ore, and 
chareoal should be the determining consideration. 

MARKET FOR PIG-IRON. 


For the purpose of this report I have limited my investigation to the market in British 
Columbia itself, though a moderate export market may be developed later. The present con- 
sumption of pig-iron is only about 10 tons daily, but it appears that the consumption has been 
seriously limited by the extremely high prices now ruling, and that if a supply of iron becomes 
available at a moderate price a consumption of 20 or 80 tons may be expected. This amount is 
too small to permit of economical operation, and I would therefore recommend, if a suitable 
supply of electric power can be obtained, that a plant be constructed to produce, say, 25 tons 
daily of foundry iron for sale and a further 25 or 80 tons of low-silicon iron for conversion into 
steel. I have: not investigated the market for steel in any detail, but apparently a sufficient 
market for this product could be found. 

The prices of foundry iron in Vancouver have varied recently from about $60 to $80 per 
long ton. Before the war the price was around $25. It seems unlikely that.the price for good 
_ foundry iron will fall much below $35 a long ton during the next few years. In most localities 
electric smelting depends for its commercial possibility on obtaining for its product a higher 
price than that of ordinary foundry iron. I find that at present there is scarcely any demand 


‘furnace should always be able to command a small market for its higher grade of iron. 
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in British Columbia for such special grades of iron, but there can be no doubt that they will t 
needed in the future, as the iron and steel industry develops. ~ tS a 


FOREIGN COMPETITION. 


The market prices already mentioned as obtaining in British Columbia are based on | 
present sources of supply from Eastern points in Canada and the United States. It is possible be 
that an iron blast-furnace plant may be established on the Pacific Coast of the United — States, 
and the effect of this on the market in British Columbia must be considered. It appears that BS 
pig-iron could be made in such a plant at a cost of about $25 per long ton under present 
conditions. The duty on pig-iron entering Canada from the States is $2. 80 per long ton plus” 2 
7% per cent. ad valorem, which at a sale price of $30 per ton would amount to $2. 25 per. long 
ton, or a total charge of about $5. This duty, together with the freight charge and the Canadian = 
bounty, would place the electric-furnace iron, if made with $15 power, on an equality with | 
imported blast-furnace iron. This would not hold, however, in the case of iron imported for , 
war-work, as this is duty free, and after the war the duty of 71% per cent. ad valorem will no a) 
doubt be removed. In this connection it may be added that a large iron and steel plant can a 
searcely be built until some years after the war, so that an electric-furnace plant, if on z : 
promptly, would command the market for a number of years. Ultimately, blast-furnace iron 
may be expected to take a part at least of the market for common grades of iron, but the electric eh 


ARRANGEMENT WITH THE DOMINION GOVERNMENT. 


A deputation from British Columbia went to Ottawa early in the present year, seeking for P 
aid to develop an iron industry in British Columbia. In answer to their request, the Dominion — z 
Government undertook for a period of years to purchase, if necessary, at market prices, the>. 
whole output of a plant making pig-iron in British Columbia. Your Department was unable at 
the time of my visit to give me the exact text and meaning of the arrangement, but was to 
obtain further information from Ottawa. This agreement will no doubt apply equally to electric- ia ae B 
furnace iron, but it does not appear to me that it is likely to help matters materially, for the 
following reasons :— : wee 

(1.) The offer is obviously of no use if the price referred to is that obtaining in Hastern ee 
Canada, as iron could not be made at that price. es 

(2.) If the price intended is the local price in British Columbia, we are met with the spar 
difficulty that the Government’s ability to carry out the undertaking would be limited to the 
local demand for iron, as it would be impossible for it to buy expensive iron in British Columbia _ F 
and ship it to lower-priced markets elsewhere. We are thus limited to the natural market for 
iron and steel in British Columbia and to possibilities for exportation on a small scale. 


th ioe 
ay . 


Die 


BoOUNTIES AND TAXES. ~ 


The Provincial Government has offered a bounty of $3 per net ton of pig-iron made in British — 
Columbia from local ores, and, on the other hand, imposes a tax of 374% cents per net ton of iron 
ore mined. The combined effect of these measures will be a payment of about $2.60 per gross “ 
ton of pig-iron; a source of income which will be of some importance, and may sometimes make a 
the difference between operating at a loss and at a profit. = 


TYPH OF FURNACE TO USE FOR ELECTRIC IRON-SMELTING. 


A point of considerable importance to this investigation is the determination of the most 
suitable type of electric furnace. This is important not only for the guidance of those who may 
undertake the establishment of an electric-smelting plant in British Columbia, but also in order 
to arrive at reasonably accurate figures for the cost of the plant and the cost Ber ton of the es: 
products. In outline the situation-is substantially as follows :— 

(1.) In Sweden the firm of Hlectro-Metals (of Ludvika and London) has developed a type 4 
of electric-smelting furnace which has proved very satisfactory for the production of low-silicon 
pig-iron from the Swedish ores. ae are now seventeen of these furnaces at work in Sweden, 
ranging in size from 2,000 kw. 5,000 kw., and a few in Norway, Switzerland, and Japan. BS 


This is, as far as I am aware, ee nh type of electric furnace that has ever attained commercial — 
success in the production of pig-iron from iron ores. 


a. < 


‘a 
_ 
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The furnace is circular in plan and is provided with a tall stack, in which the ore is pre- 
heated and partially reduced before it enters the smelting-chamber. This reduction of the ore 
is aided by a mechanical circulation of the furnace gases, which are withdrawn from the top of 
the shaft, freed from dust, and then blown through tuyeres into the smelting-chamber above the 
ore. The gases become heated at this point, and passing up the shaft they heat and reduce 
the ore. The circulation of the gases also serves to cool and protect the arch of the smelting- 
chamber, but, on the other hand, it increases slightly the consumption of the electrodes. 

On account of these special features the Electro-Metals furnace uses somewhat less charcoal 
than a simpler type of furnace, a difference of, say, one-tenth ton per ton of pig-iron, and it is 
believed to use less power. The saving in charcoal is probably more than offset by the need of a 
better quality of charcoal, which is rendered necessary by the use of a tall shaft. It must be 
noted, however, that the usual product of the Electro-Metals furnace is a white pig-iron suitable 
for chilled castings or for steel-making, while the need in British Columbia would be largely fora 
foundry iron. There does not appear to be any evidence that the Swedish furnaces have been 
used regularly for the production of foundry iron, and there seems to be some doubt regarding 
their suitability for this purpose. 

(2.) An independent development of electric iron-smelting took place at Heroult, Shasta 
County, California, where a deposit of very pure magnetite has been smelted electrically by the 
Noble Electric Steel Company for the production of foundry iron. Operations were started in 
1907 by the late Dr. Heroult, who built a simple rectangular furnace having an arched roof, and 
ore-chutes in which the charge could be preheated. As this furnace did not prove satisfactory, 
a shaft-furnace of the Swedish type was tried. This was also unsatisfactory, and the manage- 
ment reverted to the rectangular type with arched roof and with charging-chutes, in which, 
however, the ore was not preheated. It was claimed at the time (1918) that success had been 
obtained with this furnace, but nothing further was published about it, and I find that its use 
was discontinued about four years ago. The plant is at present employed solely for the produc- 
tion of ferro-alloys, because the price now charged for electric power, the cost of charcoal, and 
the cost of transportation are all so high as to render impossible the commercial. production of 
pig-iron. I am of the opinion that we cannot accept the work at Heroult as an argument for 
or against the type of furnace that was used there. 

(3.) Another furnace of the closed rectangular type was devised by Helfenstein for the 
production of calcium carbide and ferro-silicon.. A Helfenstein furnace for smelting iron ores 
-was being tried at Domnarfvet, in Sweden, at the time of my visit in 1914. At that time the 
management was unwilling to give any information about its operation. An account published 
a year or two later stated that this furnace was working satisfactorily, but Messrs. Electro-Metals 
now inform me that “ the furnace was found quite useless and has been pulled out.” 

(4.) For the production of ferro-silicon, ferro-manganese, and calcium carbide a simple 
rectangular open-topped furnace has been developed, and is in use at many places. In this 
furnace no attempt is made to preheat the ore. and the gases produced in the furnace escape 
and are lost, besides creating a nuisance by burning above the furnace. On the other hand, 
the furnace is easy to build, simple to operate, and is probably not far inferior to the Swedish 
furnace in commercial efficiency. I am not aware that this furnace has been used commercially 
for making pig iron, but there can be no doubt that pig iron of any desired variety could be made 
in it. The Beckman and Linden Engineering Corporation of San Francisco, who are using it for 
ferro-manganese, consider that it would be preferable to the Swedish furnace for making pig 
iron, and that it would be little if any inferior in point of economy. 

Conclusions.—(1.) If a permanent smelting plant were being erected, the Swedish type of 
furnace would be selected, because it is more economical than any other at present in use, and 
is the only one that has been employed commercially. 

(2.) If a temporary plant is contemplated, it may be better to install the open-pit furnace, 
on account of its smaller first cost and the ease with which it could be converted to other uses. 

(3.) Information should be obtained with regard to the iron-ore reduction process of Trood 
and Darrah, as this may prove superior to any direct smelting process. If this process is likely 
to be available, it will be best in the meantime to use a simple pit-furnace rather than to install 
the more elaborate Swedish furnace. . 

Further particulars in regard to the two types of furnace will be found in Appendix VIII. 
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COST OF PRODUCTION. 


In order to arrive at an approximate estimate of the cost of smelting iron ores, it is neces 
in the first place, to decide upon the scale of operation. In view of the local market and o 
considerations, which I discuss elsewhere, I suggest the following equipment as ‘being suita ! 
for an electric-smelting plant in British Columbia, providing that the usual electric-smelti 
methods are adopted :— ; 
OUTLINE OF PLANT. 


One electric-smelting furnace of 3,000 kw., making daily about 25 tons of foundry iron 
sale. ing 
One electric-smelting furnace of 3,000 kw., making about 30 tons of low-silicon iron 
conversion into steel. eee 
Three electric furnaces of 300 kw. each, making together about 3 tons of ferro- alloys. ser 
Two electric steel furnaces of 1,500 kw. each, making together about 50 tons of Bie’ 
Steel foundry and rolling-mill using 50 tons of steel daily. F 


Cost oF PLANT. 


The design and cost of such a plant is discussed in the Appendix. As, however, it would b 
-yery difficult to use so complicated a plant as a basis for estimating cost of making pig-iron 
I shall consider for this purpose a plant of about equal size devoted entirely to the production 
of foundry iron. In so doing I am making the assumption, which will not be very far wrong, 
that the cost of making pig-iron in the simple plant will afford a fairly correct idea of the cost 
of making it in the complex plant, outlined above, which would be suited to the local requirements. 
whe es plant, assumed for Pepe of ealeulation only; would Consist of tires, eee 


employed. The most economical furnace, as fan as my information goes, is that of the Beebo: aeat 


Metals Company, and I give in the first place an estimate based upon its use. . i 

An electric iron- -smelting plant of this type, containing three 3,000 kw. furnaces, Be} cost | 
from $350,000 to $400,000 to erect in British Columbia (details are given in the Append, and es 
should haye a production of 27,000 long tons of foundry iron per annum. ae i 


Cost of ELECTRIC SMELTING. 


The cost of making a long ton of foundry pig-iron in such a plant would be estimated as ty 


follows, assuming that power can be obtained at $15 per horse-power year :— zi ae ie wa 
Smelting in Swedish Furnace with $15 Power. ; nae ee E. 

TOmeOre ween et LOMeeate sae sos 'et. yok ct nee vale wiles ah ae ee $ 8 00 cee ng 
Hlectric power, 0.45 horse-power year at $15 ........ cee cec ec cess ccc ee 6 75 em 
Gharccdh,.0.4. net tons at $8... os os aeeebe . oe el Lee 3 20 2 on 
lectredes) 15 1b/at-8 cents ........0....0ee et 1 20 a 
VE PAMES SANE MAIMTCMAINCE Nasco 0's seve « fells seer ao ie oe oe al 00 oA s. 

LSEUIVO UE MBE teats ayes eysieve te ibia etna h ‘esto sie ale Loa id Sey ea eee ee 4 50 Cas 

AVL MOUS STEIOTNG frraye ates wioe5. we n'a) Saienie: os ae « « ated «epee eae Ee ie ee ae 2 00 a 
‘Interest, 6 per cent. on total capital, and depreciation, 10 per cent. on aes 

CORT GL ADIATIUN Sai Warr eieG SOc A ve ay +s RO ee eee 2 60 ides! 

Royalty to Electro-MetalsGompany ...:.. G5. ah Se eee 50 ; a 

EVs ad ep eds ee non Sp. «a er $2077 5k wee ee 

If power could be obtained at $10 per horse-power year, the charge for this item would bee 
$4.50 and the total cost of a ton of pig-iron would be $27.50. Be in 


If power were to cost 0.5 cent per kilowatt-hour, the charge for power would Be about — 
$12.50 and the total cost of a ton of pig-iron would be $35.50. 


In regard to these figures, it should be stated that the Electro- Metals furnace is a soueennee 
elaborate EDR, and that a plant with furnaces of this type should not be constructed unless $ 
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a permanent supply of cheap power can be assured. This is not so much because of the cost 
of construction, which may not be much more per ton of yearly product than that of a plant 
with the simplest type of furnace, but because the furnace, and the building containing it, are 
entirely specialized, and would be of no use for any other purpose. If for any reason it should 
be decided to erect a plant with an expensive or a temporary source of power, it would be 
desirable to arrange for a plant of the type in use for making ferro-alloys, as the furnace, and 
plant generally, could readily be converted to other purposes if at any time it became inadvisable 
to make pig-iron.. With this simpler type of furnace the cost of making pig-iron would probably 
be about $5 higher per ton than the above estimates; thus the cost of a ton of pig-iron would 
be $35 per ton if power costs $15 per horse-power year, and would be more than $40 per ton 
with power costing 0.5 cent per kilowatt-hour. 

The following table will give an idea of the distribution of costs under these conditions :— 


Smelting in Simple Furnace with 0.5-cent Power. 


Iron ore, 2 tons at $4 per ton ...... SPR Ceca clear ie wR or Bree lcra iment tee $ 8 00 
Electric power, 0.5 horse-power year at $27.80 ............. nivein Secveaacsye 13 90 
QMareod le; OcDLONTA UG PCl LOTS ance ee ore Lees ie eo ec TERT OS 3 00 
Hlectrodes). 20s] hat ssieentes PO POURGys . csie ass! evcesuatere ssepecatere Siat@ lelel esac oils 1 60 
Repairs and SEAL ee PE TAR orem el theta etal Sreisact =, os gw ieePs ae PEeonare carey oe eo aks 1 00 
NG OLED Hee TSS ots oie peme cee ta cwcdietvca tastes ona lotena) TNMs bet ove ore daeee ARI eeolamersy slieha. cay thane 6 00 
ian tea nd Cen eral wOMnee: EXPOSES. < quieiels oi clate’s wis. © athe alate ecowreleneiepeae vee 5 4 00 
MCC LEStEATIU CGCDLECIALION aaie sc ek stems statatco es hon ctete skefae tiaome vistere oes 3 00 

UIC Alert roi eens eRe ere eR PENN Soh oars BRO ae Pas sda Dedeeeah eG aie a RSs $40 50 


The prices obtained for pig-iron in British Columbia during the last year or two have been 
considerably higher than this, but it does not seem safe to count on a price of more than about 
$35 a ton during the next few years, so that making iron under these conditions would appear 
to be out of the question. 


MAGNETIC CONCENTRATION OF IRON ORHES. 


‘As the cost of smelting iron ore is greater per ton of the product with poor ores than with 
rich ores, and as the ores in British Columbia are only expected to contain 50 to 55 per cent. 
of iron, with about 23 to 30 per cert. of gangue, it is worth considering whether it will pay to 
concentrate the ore preparatory to smelting. 

Until adequate samples of the ores have been obtained, analysed, and submitted to magnetic 
concentration, it is impossible to discuss this subject except in general terms. 

(1.) If the ore is of such a nature that after breaking down to a size of about 1 inch the 
ore can be concentrated magnetically so as to reject a large part of the gangue, it will usually 
pay to do this before smelting. 

(2.) If the ore is so firmly grained that it is necessary to erush it to a sand before magnetic 
dressing, there will be involved the cost of the fine crushing and also the cost of briquetting or 
sintering the concentrates to make them suitable for smelting. 

(3.) In the case of an ore that does not contain over 50 per cent. of iron, if he ore lends 
itself readily to magnetic concentration so that very fine grinding is unnecessary and a clean 
separation can be obtained, the saving in the cost of smelting will probably pay for the cost of 
erushing, magnetic dressing, and sintering with sawdust on a Dwight-Lloyd machine. The ore 
will incidentally be improved by the removal of phosphorus and sulphur, and will be left in a 
condition more favourable for smelting. 

(4.) If preliminary reduction of the ore is employed, the ore will have to be crushed to a 
eoarse powder, and magnetic concentration will then form an essential step in the process; being 
applied either before or after the reducing operation. 


AUXILIARY INDUSTRIES. 


On account of the limited market for pig-iron in British Columbia, it will be impossible to 
conduct at a profit a plant producing nothing but pig-iron. By including in the plant the produc- 
tion of steel and ferro-alloys the plant will be more likely to pay. 

2 
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STEEL. a = 


In view of the small size of the industry, it will be out of the question to abtenntee to oll | 
large plates for ship-building or large structural sections or rails, but small sections and be 
structural steel can be rolled, besides bars of cast steel for drills and similar purposes. 
will also be needed for the production of steel castings. Sage 

The steel can be melted in an open-hearth or an electric steel furnace, using, as stock, 
scrap and white pig-iron from the electric-smelting furnace. If it is desired to charge 
pig-iron in the molten state, so as to save the cost of remelting, a “ mixer’ will be neede 


keep the iron puaiten until it is needed: As the Aron ore is low in ee the ren will } 


e alinesiatt and a Ree wade will form necessary a éheiets of the plant. 
are given in Appendix XIII. 
F'ERRO-ALLOYS. 


S22) ’ 


The production of these alloys would form a simple and profitable part of the work: ots 
a plant. The alloys that would probably be made are ferro-manganese, ferro-chrome, and fe 
Silicon. The essential ingredients of these are manganese ore, chrome ore, quartz, sera ir nn 
or iron ore, and charcoal or coke. All these are available, and these alloys can be made n 
small 300-kw. single- pee fuenees Ls age in the design. ede with reesei 


found in mE wands’ XIII. : » : 


Sea A NEW METHOD OF PRODUCING ELECTRIC FURNACE feels 


production of pig-iron by aleettie pains seems , be imporeinel “Whider thease donditiths: s 
would appear that nothing can be done except to wait for cheaper power or to make 
pig-iron as a part of some more remunerative operation. Se, 
2 There is, however, in view at the present time the possibility of an entice different met 
which may possibly enable iron and steel of electric-furnace quality to be produced ata decid 
lower cost than that of direct smelting in the electric furnace. According to this method, the ir 
ore would be crushed to a coarse powder, the gangue removed by magnetic concentration, and : 
the nearly pure iron mineral exposed to reducing gases or carbonaceous reducing materials, 
* moderate furnace temperatures, until the grains of iron ore are converted into grains of metalli 
iron. This grain metal can then be melted in electric furnaces, with suitable additions, for ‘th 
production of both pig-iron and steel. The electric power needed for the final melting of the 
metallic powder would be less than one-third of that required for smelting the iron ore by existing hz 
methods, and it seems quite possible that the preliminary reduction of the ore, using waste wor 
or other cheap fuel, can be effected so cheaply that there will be a substantial saving on the wh 
process. It will also be noticed that one operation, the conversion of pig-iron into steel, will. db 
avoided by the new process. + 
This new process was referred to in my letter of May 26th to Mr. W. Fleet Robern . 

I had at that time applied to the Advisory Research Council for funds to assist me in investi- ie 
gating the reduction of iron ores, but I have not as yet been able to begin experiments. ae 
During my visit to California I heard of the work of Dr. Trood and Mr. Darrah along | 
similar lines, and I met these gentlemen at Heroult, where I saw in operation a small plant for 
the reduction of magnetite ore to metallic iron. I am not at liberty to give full particulars of 
their process, but can state that it consists substantially in heating the coarsely powdered — 
magnetite with charcoal or other carbonaceous reducing material to a temperature of 800° &. : 
for about three hours. In the small plant the heat was supplied electrically, which was ‘mor 
convenient and also permitted of more accurate measurement, but on the large seale it is probab 
that fuel-heat would be employed. I have received from Dr. Darrah data in regard to the } 
operation, and I have modified these to suit conditions in British Columbia. It will be seen tha 
even if electrical heat is used for reduction and melting, there should be a decided economy 
compared with the direct smelting process. ? iy She nape 
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Cost of One Ton of Keduced Iron (in a Plant making 100 Tons daily). 


Ore, 2.2 tons at $4 Mt Mane Se Wath DESO Ss Seeeiioion FOnte eS aii y Sea Eng aR its it. 0) 
CHarcoale Lac tOnkat RO SMe eae ee ays Sette eee 2 as PE a ee ee cies 2 00 
Power for heating, 1,880 kilowatt-hours at % cent ...........neceeeee 6 90 
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The operation of converting this metallic powder into foundry pig-iron would have to be 
worked out experimentally, but I believe, with electric power costing % cent per unit, and with 
other supplies at the rates assumed in this respect, that the cost of this operation would be 
about $10 per ton of pig-iron. The final cost of a ton of iron would therefore be $31, even using 
high-priced power; and if this figure can be substantiated, it-becomes clear that an electric-iron 
industry can be started in British Columbia under present conditions. JI.am of the opinion, also, 
that the electrical power used for reducing the ore can be replaced by % ton of coal or similar 
fuel, or even by waste wood. If this can be done, the charge for heat may be reduced to $2 
or $3, and the cost per ton of metallic powder to $16 or $17, so that a ton of foundry pig-iron 
produced by this process should cost only $26 or $27. 

If it is found possible in practice even to approach these estimates, it will be clear that 
an electric-iron industry can be undertaken immediately in British Columbia and in some other 
parts of Canada, and that the plants that are now employed for the electric smelting of iron 
ores may have to be remodelled. I must repeat, however, that although the results indicated 
appear to me to be very probable, I have not as yet enough information to speak with entire 
certainty, and further experimental work must be undertaken before it would be safe to proceed 
to the erection of a plant. 

The metallic powder can be made into steel equally easily by melting in eleetric furnaces, 
and steel ingots. should be produced at a cost only a little higher than that of foundry iron— 
say, at about $30 per ton. This would render possible a large steel industry in British Columbia. 


: GENERAL CONSIDERATIONS. 


In view of the abnormal prices of products and supplies and the high cost and uncertainty 
of labour, it is almost impossible at the present time to arrive at any reliable qgnclusions with 
regard to the commercial side of a new industry. The high prices obtainable for iron and steel 
make the present time appear suitable for undertaking the production of these materials, but 
the increased cost of supplies and of labour largely neutralize this advantage. If it seemed 
probable that pre-war prices would return in the course of a year or two, we might base our 
ealeulations on this assumption; but in view of the profound change that is taking place in 
the position of labour, it seems unlikely that wages will ever return to their original level. One 
effect of this will be that the prices of supplies and products will all reach correspondingly 
higher figures. 

If electric power could have been obtained immediately at a reasonable price, it appeared 
reasonably safe to undertake the electric production of pig-iron by standard methods; but if 
Wwe are dependent on developing a water-power for this purpose, the delay and the increased 
uncertainty in regard to costs and prices makes prediction almost impossible. In a general way, 
however, we may assume that in the course of a few years costs and prices will again reach some 
steady relationship to one another, and that this relationship will not be very different from what 
it was before the war. 

On this assumption it would seem that, after prices have once more reached a steady level, 
the electric smelting of iron ores will occupy, commercially, about the same position as before 
the war, and by considering the condition in Sweden, which resembles Canada in many respects, 
we can form a fairly good judgment of the possible development of electric smelting in British 
Columbia. 

We may therefore expect, with the present methods of electric smelting, that the industry 
would be successful commercially, but that it would depend ultimately on the production of 
special qualities of iron and steel, and would be unable to compete with the blast-furnace in 


L 20 Bureau or MINES. 


the production of ordinary grades of pig-iron. If, however, the new process for the’ reduction | 
of iron ores is found to be satisfactory, it should produce a decided improvement in the com- — a, 
mercial status of electric smelting. 


CONCLUSIONS IN REGARD TO THE ELECTRIC SMELTING OF IRON ORES 
IN BRITISH COLUMBIA. " 


(1.) The three most essential requirements are: Iron ore, electric power, and charcoal or * cay 
similar material. In the Coast districts of British Columbia there is a sufficient quantity of — 
suitable iron ore conyeniently located, water-powers available for the development of electrical 


energy, and waste wood from sawmills for the production of charcoal. oe aa 
(2.) Having regard to the present market for pig-iron and the probable price for this 


ued 

material during the next few years, it appears that the,iron ore, electric power, and charcoal — ry Be 
could be produced sufficiently cheaply for the commercial smelting of iron ores in electric 
furnaces. ei 
(3.) The development of a water-power is, however, a long and costly operation and one | te 
which it would be highly inadvisable to undertake at the present time. For present operations, a 
therefore, we are dependent on the purchase of electric power from the power companies, Z 
(4.) It appears that one of these companies has a sufficient amount of unused electric power, eet 

but it is asking a higher price for this power than the industry can bear. Fs, ae 
(5.) In view of the original cost of development, it would appear that the company could cs a 
afford to offer the power at a decidedly lower price, but it should be remembered that the 5 
company must keep a reserve of power for other purposes, and that it cannot at present afford — ee 4 


to maintain this reserve by undertaking fresh development. 

(6.) A new process is now being investigated by means of which it may be possible to 
produce electric-furnace pig-iron commercially in spite of the high price charged for electric 
power. . 

(7.) In view of the small demand for pig-iron in British Columbia, it would be almost 
essential, if a smelting plant is to be established on an economic basis, that additional products 
shall be turned out. Steel for castings and small rolled sections, and ferro-alloys, such as ferro- 
manganese, ferro-chrome, and ferro-silicon, could be made suitably in such a plant. These 
additional products would permit of more economical operation, would enable larger profits to. 
be made, and would allow the plant to continue in profitable operation if at any time the price 
of pig-iron were to fall below the cost of production. 

(8.) In view of the present situation it appears advisable :— 

(a.) To develop one or more of the best iron-ore deposits and to make complete tests on 
of the ore: : 

(b.) To reserve a suitable water-power for future development: 

(c.) To establish a plant for the economic production of charcoal from mill wastes 

(d.) To investigate the new process for the production of electric pig-iron, and if this 
is found satisfactory to begin immediately to produce pig-iron; purchasing power 
for this purpose until the water-power can be developed. 


ALFRED STANSFIELD. 
November, 1918. 
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APPENDICES. 


APPENDIX I. : 


MARKETS FOR IRON AND STEEL. 


This subject should be given the first consideration, as we reqifire to know what amounts 
and varieties of iron and steel can be disposed of, and at what prices they can be sold. This 
information will determine the scale of the operations, and will have a bearing on most of the 
other lines of inquiry. There may be available an export as well as a local market, but I have 
limited my inquiries almost entirely to the market in British Columbia. 

Members of the Metal Trades Association, whom I met in Vancouver, and Mr. Giles, of the 
Vaneouver Engineering Works, expressed the opinion that, if pig-iron could be produced locally 
at a reasonable figure, there would be a market for about 50 tons daily. As iron was selling at 
$60 to $70 a ton, it appeared that a local iron selling at from $30 to $40 a ton would be able to 
secure a large market. Mr. Hart, the ‘secretary of the association, tried to obtain from the 
members individual statements of the amount, quality, and price of their purchases of pig-iron, 
to form a basis for my investigation; but I have not received any information from him. 

Messrs. Evans, Coleman & Evans, of Vancouver, informed me that the consumption of 
pig-iron in that district was only 3,000 to 4,000 tons per annum, corresponding to 10 tons daily. 
In view, however, of the fact that Vancouver iron-foundries are now using about 40 per cent. 
of new pig-iron and 60 per cent. of scrap-iron, whereas normally these figures would be reversed, 
it appears that the ordinary demand, with iron at a more reasonable price, would be about 
20 tons daily. 

Mr. Nichol Thompson estimates the market for foundry iron in British Columbia as 10,000 
tons per annum, which would be 380 tons per day; and states that in 1912 British Columbia 
imported over 7,000 tons of pig-iron. These figures are said to be quite apart from the new 
ship-building industry, which should lead to an expansion in the market for both iron and steel. 

In undertaking the smelting of iron ores, it must be remembered that the amount of pig-iron 
used in foundries for iron castings is far less than the amount which is converted into steel, 
and therefore, as the market for foundry iron is somewhat limited, we may suitably enlarge 
the scale of operations by producing some pig-iron for steel-making. An idea of the relative 
consumption of the several varieties of iron and steel can be gained from the following table, 
which was sent to me by Mr. John McLeish, of Ottawa, in reply to an inquiry in regard to the 
market in British Columbia :— 


Imports of Iron and Steel Goods from Foreign Countries through Ports in British Columbia and 
Alberta during Twelve Months ending March 81st, 1915. 


Product. eeanat tye ‘ Value. 

ST aL: OREN PN Me cus aoe ic coe os oxy sol cliiosetcln oie Syote tbe elle fas, 3 areheonalwijeiys oye" (os aie e's 6 2,341.0 $ 27,838 
Ingots, billets, and forgings ide cnc ECCS CEA COCRREIPRE OMRON <. Stee tge Bint ton aa 67.7 4,564 
Serap ey Re ee eae etree ENE MONE RCS Cayce atalncst iit ne, opepeddasnotatsar vcace to a Ge 262.0 2,700 
eee TaUP Di Ca meraet tence roe este ile sie. s. ofecs ele ie ceieyene 4 ache lo feyeyeye evaloly qaaknrine 1,411.5 41,319 
nee HET AULI Si All Gs COMMECULOIG i cists al thet arian ales oleh sie) ofead as. enolate sseZecererevs Siero ste oye 14,993.5 379,134 
Mapes TOO, TO ERIE A Rea™ aks e- o ciociocicioerOmgo SUiocuso. Glo crgiatea rier 15,394.5 552,939 
Slicreenyn ICM Meee eR choy Sanenae cach ate Slorelan ste ovo ofeMeceysivae Miete g See" Ciase w vine att 8,217.5 621,051 
Wire rods, wite,-and Wire MAUS .jic. cocce wise ewes eons Bee Sates Bt yates 5,404.4 378,076 
DNs MTV CUCM TIC A TIATES Meter stelcr a epsweicrsllan oxckeraee! oie) saymiclioweneie ALS piel Aloha lonale © Seale 402.0 22,712 
ADT i Ti eee ce eB enc CNM Seren sla ak Viors rats ‘aise te He sovenepisg siesta eae ej qiciisyeseiaablese: ates 205.4 19,385 
Car-wheels, anchors, and other manufactures .............ceeeeeeeee 282.5 17,058 
48,982.0 $2,066,776 

Other iron and steel products and manufactures, valued at .......... ee 4,391,955 
Moots ls wre ILC etal Speen aera re eich ctl vcs soe) cisiote us qlee aM so Yalelceteisle b eons es $6,458,731 
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The amount of steel produced from a ton of pig-iron depends to some extent upon 
employed; thus the Bessemer process yields something less than 1 ton of steel, while 
hearth process or the electric steel-furnace, using a mixture of pig-iron and steel sera] 
produce more than 2 tons of steel per ton of pig- iron. Without attempting to analyse t 
market in any detail, it seems probable that some 25 or 30 tons daily of pig-iron coul 
converted into steel and disposed of in the form of. small steel rods and rolled ‘sections, 
eastings, and other steel products. te 

The price of pig-iron in British Columbia will, in general, depend on the price i ne 
Eastern States, together with the freight and the import duty. The following table, supplied ° 
me by Mr. W. G. Dauncey, shows the cost of pig-iron during the last ten years per. 
of 2,240 Ib— 

Cost of Pig-iron during’ Recent Years. 


No. 1 ss ye Foundry, Foundry, 

Year. See Bittsbareh. Geen ewes 
PLO (Swart eerie ents: o eoecs Ss. $17 33 $17 03 $15 838 $17 25 
FSO (SO) ees Wa ane cans tare Ss Tala | 17 30 17 46 16 05 | 17 48 
TRCE WS IS) ais ook a a er 16 87 17 16 14 85 17% 10 
7 Wig PS SS cic eo Gree eee 15 20 15 74 13 62 15219 
TO Reeerstte ey Nat ode y's b> “G 15 98 15 04 14 96 ales YOe 
PCE Ramee ae RIN aah sis. fa) lave 16 56 17 16 14 98 _ 16 39 
Oa eh eee arcane ciaeane’ > sis 14 59 14 90 13° 41 14.15 
TbCE RS). oat Gh ae oe | Ae toed 15: 85 13 49 hs 14 46 
PONG meme tsiel ca eeosieerees bas 21 20 24 00 18 74 20 67 
SOU A JSR ee | 40 68 43 62 38 O1 | 41 06 


During 1917 the prices became very erratic and shot uD to enormous figures. The | ] 


needed for its production. From Scnfemnee. 1917, to September, 1918, a scarier. price of 
was fixed for pig-iron at Birmingham; other varieties of iron ruling at somewhat higher fi 
Thus No. 2, Philadelphia, has been sold at $34.40; Bessemer, Pittsburgh, at $36. 60 ; and. 
Superior (chareoal), Chicago, at $37.85. In October, 1918, these prices have been rais 
most cases about $1. 
Before the war; with Eastern prices about $15 per long ton, the price in British Colu bia 
would be between $25 and $30. Mr, Nichol Thompson states that during his thirty 2a 
experience he has only once seen pig-iron under $22 per ton, and that the price has- ran 
from $22.50 to $32.50 per short ton; that is, $25.20 to $36.40 per long ton. It is frequent 
mentioned that Chinese pig-iron has been imported at a price of $19.50. This iron was br 
in as ballast, it was ungraded, and I understand: that it was of very poor quality and that 
of the buyers have been unable to use it. It is possible, also, though I cannot now check | 
point, that the price was for a short ton, corresponding. to $21.84 per long ton. The only impo ; 
tation from China since 1918 was in the year 1916-17, amounting to 400 tons; and in view of = 
the requirements of Japan, it seems ey, that any Chinese iron will come to British Cotumbia 3 
in the near eee ot a rae 


of $15-and a duty of ae Ww 1a make $68 in 3B ritish Columbia: As, hopaven the cxnortie n oO 
iron from the United States has been prohibited, the actual price is higher than this.) and h : 
ranged from about $60 to $80 per long ton. : 
While it is impossible to predict the course of prices after the war, it Seems likely, in viey 
of the high cost of living and the increasing powers of the working-classes, that the price 0 
labour, and consequently the price of manufactured products, will not return again in the nea 
future to the pre-war figures. If we may assume that Bastern prices of pig-iron will. not. e 
below $20, it will follow that the normal price of pig-iron in British Columbia will not fall Js "ii 
$35, or at the lowest price $30, for a period of several years. ae 
The freight from Eastern iron centres to Vancouver has been about $10 per mn but 
higher at present. In August the rate from Hamilton to Vancouver on iron and» steel 
60. cents per 100 1b., or $13.44 per long ton. Freight rates from American furnaces N 
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obtained at present, as the export of pig-iron is prohibited. The duty on pig-iron from the 
States is $2.80 per long ton plus 7% per cent. ad valorem, which at present prices comes to 
about $2.25 per long ton, or a total charge of about $5 per long ton. 

‘The B. L. Thane Corporation place the price of pig-iron in California as $25 per ton before 
the war, being the Eastern price of $15 plus $10 freight. At present they take the Government 
price of $88 at Birmingham plus $10 freight, or $48 a ton. They assume that after the war the 
price will be about $28 per ton, or an advance of $3 over pre-war prices. They consider that the 
market for iron and steel on the Coast is at least 600,000 or 700,000 tons a year, and probably 
1,000,000 tons. 

British Columbia is very well situated for shipping manufactured products to Japan and 
‘the Hast generally, and if pig-iron and steel could be produced cheaply we might be able to 
command a considerable export market. Electric-furnace iron will, however, be too costly to 
eompete with blast-furnace iron, even when the latter is brought long distances by water. 
Wherever there is an iron industry there will be a moderate demand for high-grade pig-iron, 
and an electric-smelting industry in British Columbia will probably be able to develop a fall 
market for this product throughout the Hast. 

Mr. Dauncey’s table of iron prices shows that in normal times there is a difference of $3 
or $4 between the price of different classes of pig-iron. In August, 1915, the prices of Bessemer 
and foundry irons varied from $50 to $55, including freight, at most points in Eastern Canada, 
and electric-furnace pig-iron was sold at Hastern Canadian furnaces at a standard price of $58. 

With regard to the possibility that a blast-furnace plant may be established in the State 
- of Washington, and that it may capture the market for iron in British Columbia, I may state 
that the B. L. Thane Company estimate the cost, under 1918 conditions, of making iron in the 
State of Washington at $22, $26, and $30, on three assumptions with regard to the cost of 
supplies. Taking the middle estimate, $26, and adding the freight, say $2, and the Canadian 
duty of $4.75, would raise the cost of iron delivered in British. Columbia to about $33; a figure 
which is about the same as the cost of making electric-furnace iron with power at $15. The 
bounty offered by the British Columbia Government would, apparently, turn the scale in the 
favour of the electric product. After the war the war duty of 7% per cent. ad valorem will no 
doubt be withdrawn, and in general we must expect that a blast-furnace plant on the Pacific 
coast would be able to take a part at least of the market in British Columbia for the cheaper 
grades of iron, but, with the help of the Canadian duty and the Provincial bounty, an electric- 
smelting plant in British Columbia should be able to retain the local market for the higher grades 
of iron. 

Information with regard to the price of pig-iron in British Columbia differs considerably : 
Mr. Watson Griffin, Superintendent of the Commercial Intelligence Branch of the Department 
of Trade and Commerce, Ottawa, on September 4th quotes “one of the largest ship-building 
companies on the Pacific coast” as saying: “ We beg to advise that we have been paying for 
pig-iron during the last year between $65 and $75 per ton of 2,000 1b.” This would be between 
$73 and $84 per long ton. .On October 19th he quotes the Industrial Commissioner of Vancouver 
as saying: ‘The prevailing prices during the past two years have been from $45 to $69 per ton, 
which is the price at the present time for Hamilton pig-iron delivered at Vancouver. The present 
quantities required in British Columbia will run approximately from 7 ,000 to 10,000 tons per year. 
I have been unable to get an estimate of the quantities that will be required in the next two or 
three years.” Mr. Griffin subsequently ascertained for me that these lower prices referred to 
the long ton. 
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i _. APPENDIX II.* 


SUPPLIES OF IRON ORHE. 


There are, in easily accessible parts of British Columbia, a number of deposits of magnetite 
ore that appear to be suitable for electric smelting. In the absence of a regular demand for such 


ores, scarcely any of these deposits have been opened up, and it is impossible to state with any — 


degree of accuracy the amount and analysis of the ore or the cost of mining it. 
In view of these circumstances, it was arranged that Mr. Wm. Fleet Robertson and Mr. 
Brewer would furnish me with the best information at their disposal with respect to the ore- 


bodies, and that I would use this information as the basis of my report; it being understood 


that I am not accepting any responsibility with regard to the accuracy of such information. 
I have, however, been able to obtain some independent data, which agree in general with those 
furnished by the Government officials. 


Amount of Ore needed.—As the ore may be assumed to contain, on an average, not much © 
more than 50 per cent. of iron, about 2 tons of ore will be needed for each ton of pig-iron. Thus | 


for a production of 50 tons of pig-iron daily we must have 100 tons of ore, or 35,000 tons per 
annum. A supply of 50,000 tons per annum for ten years, or 500,000 tons in all, would appear 
adequate for the present inquiry. ’ 
Location of Deposits.—It is assumed, for the purpose of this report, that an electric-smelting 
plant would be erected at some point on tide-water within a reasonable distance of Vancouver ; 
its location being determined, among other considerations, by the need of obtaining electric power 
from the lines of an electric power company. It follows from this that the ore-deposits selected 
for consideration should be those that are situated on tide-water within easy transportation 
distance by water from Vancouver. ef mee 
Available Ore-deposits.—A statement compiled by Mr. Wm. Brewer, and approved by Mr. 
Wm. Fleet Robertson, will be found in this Appendix. It contains a list of the more important 
deposits of iron ore that are likely to prove suitable for supplying an electric smelter. The 
statement shows the distance of each deposit from tide-water, the estimated amount of ore, and 


the percentage of iron, sulphur, phosphorus, and insoluble in samples taken from each deposit. | 


It appears from the statement that there are several conveniently situated deposits, any one of 
which may be expected to furnish the required amount of ore. There can be little doubt that 
if two or three of these were opened up a suflicient supply of ore of reasonable richness and 
purity would be obtained. 

Nature of the Ores.—The ores available are almost all magnetites. Such ores are less easily 


smelted in blast-furnaces than hematite ores, and it is usual, therefore, to provide for an admix- © 


ture of hematite when smelting magnetites. It is quite likely that, in electric furnaces, hematite 
ores would smelt more readily than magnetites, although, as very little preliminary reduction of 
the ore can be effected in such furnaces, the difference is likely to be less marked. It happens, 
however, that the commercial smelting of iron ores in electric furnaces has nearly always been 
carried out with magnetites, either alone or with small additions of hematites, so that we know 
definitely that magnetite ores are suitable for electric smelting. 

The ores available, while adequate in amount and convenient in location, are neither as rich 
in iron nor as free from impurities as the magnetite ores that have been smelted in electric 
furnaces in Sweden or California. Many of the Swedish ores contain as much as 60 per cent. 
of iron, and the Californian ore has nearly 70 per cent. of iron, but the ores available in British 


Columbia cannot be assumed to average more than 50 or 55 per cent. The published analyses 


of ore samples, including those contained in this Appendix, frequently show as much as 60 per 
cent. of iron, but Mr. Fleet Robertson is satisfied that, if the ore-bodies are mined in a wholesale 
way, and without any attempt to pick the best ore, it will not be safe to count on an average 
richness of more than 50 to 55 per cent. of iron. He informs me, however, that the gangue 
accompanying the ore is limey in character, and that by taking a suitable proportion of the 
rock with the ore a smelting mixture can be obtained having enough limestone to be self-fluxing, 
and carrying at least 50 per cent. of iron. It may be pointed out that for making a foundry iron 


* A map to illustrate this Appendix and the enclosed report by Mr. B 
Mr. W. F. Robertson, and should be bound with this report in the event of icebeiaepatteas eee ae 
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some silica is essential in the smelting mixture; thus, at Heroult, the ore was so pure that it 
was necessary to add quartz. Moreover, a certain amount of slag must be produced to flux off 
_ the sulphur which is present in the ore. Greater economy would undoubtedly result, however, 
if the smelting mixture could be made to contain as much as 60 per cent. of iron. 

The Swedish ores are exceptionally pure, containing usually from 0.01 to 0.02 per cent. each 
of phosphorus and sulphur, and the ore at Heroult, in California, containing only 0.01 per cent. 
each of phosphorus and sulphur. The available ores in British Columbia are reasonably free 
from phosphorus, containing as a rule less than 0.03 per cent. of this element, so that Bessemer 
iron can be made from them. The sulphur is, however, somewhat higher than is desirable. 
Some of the ores, notably those from Texada island, contain some tenths of a per cent. up to 
1 per cent. of sulphur, but it seems probable that a supply could be obtained that would not 
contain more than about 0.1 per cent. of that element. This amount of sulphur will not interfere 
at all seriously in the production of a good foundry iron, but it will render the ore less valuable 
for making special grades of ‘ charcoal” iron. 

From among the various deposits three groups have been selected—namely, those on Texada 
island, Nos. 1, 2, and 8; those on Redonda island, Nos. 9 and 10; and those at Nootka sound, 
Nos. 13 and 14. Mr. Brewer has prepared estimates of the cost of mining the ore from each of 
these deposits and transporting it to a port on the east coast of Vancouver island, or in the 
neighbourhood of Vancouver. He finds that, including a royalty of 50 cents per ton to the owner 
and miner of the ore, the cost of ore delivered at the smelter will be about $4 per net ton. As 
about 2 net tons of ore will be needed for each long ton of pig-iron, the cost of the ore will be 
about $8 per ton of pig. This is a very serious item of cost, and is far higher than the usual 
cost of ore at Hastern furnaces. In view, however, of the nature of the ore:bodies, the moderate 
scale of mining and transportation, and the high cost of all operations on the Coast, it does not 
appear that any material reduction can be expected, at any rate during the next few years. 
If the ore were being mined for sale, there should be added the Provincial Government tax of 
37144 cents per ‘ton; but in the present case it appears reasonable to count this as a deduction 
from the bonus of $3 per ton paid by the Government for pig-iron produced locally from British 
Columbia ores. ; 
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(Data compiled by Wm. M. Brewer, Resident Engineer, Western Mineral Survey District, 
Nanaimo, B.C., June 8th, 1918.) 


The accompanying tables show :— 

First: The estimated cost for mining and transporting iron ore mined from the most 
accessible properties to any established port on the east coast of Vancouver island or at 
Vancouver. 

Second: The names and locations of the various properties, with the distance from deep 
water, also the available tonnage, very roughly estimated, in three classifications—* actual,” 
* probable,’ and ‘ possible” ore. Owing to the lack of development-work it is impossible to 
measure the ore reserves with any degree of accuracy. Where a star is piaced beside the name 
of a property it indicates that it is impossible to make any estimate of available tonnage at 
present. 

Third: The nature of the ore and assay results obtained from the samples collected at 
various times, together with the names of the collectors. 


Estimated Cost of Mining and Transporting Iron Ores. 


Three deposits only have been considered in the following table, viz.: Those located on 
Texada and Redonda islands and at Nootka sound. ‘These are selected because, owing to their 
accessibility, together with the quantity and quality of the ore, they would be the natural choice 
as the first sources of supply. 

- Texada Island, Nos. 1, 2, 8— 


MAiMACOMeCOSE Obmacd CLs LAT: Late rsyeatdeetetcis, «scuere lo) aay nie. cle nihsa-Shage (sree oeiee ers $ 5,000 
Wig MMALCULCOSE OLSERANSPOREACLON» s\n cetuss caloeade ocspiiers: «nes pote e 95 abot sollshel sore 10,000 
Imstiniaced.: COSt Of DUMIKeLrS AMG, COCKS Hey Sided sierctincs oes cies awe s eee ipn cee 10,000 


Motalestimareg.COSt OL iNStalAbiON ss acres ta cspislered a eretlste aoe $25,000 
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Estimated Cost of Mining “and Tr ansportation per Ton of 2 000 LD. 
(Figuring 50,000 Tons per Annum). . ee 


eno! Interest and depreciation on installation at 20 per cent...........-- eS 50 
if SHstimahed: COstOt Wil nine -s bree eee se a. cee OEE es ee 2a 


* Estimated cost of tramming ..... i PORE eS re se 
. Estimated cost.of freight ...05.....7¢00-.2+++- eka Scouse ae aes eee one 
Ae Pstimated: Cost-of unloading va vader «|. erence o> ves PR EE tines as oe 
THOyaity toqOwuen Per LOM .. seeds ses aSee aa ss tke > wees nuke ee eoae pee Se oe 
‘ Cost of ore at reeled MWe Lider (AD ELS, Male air nSD Pe aioe yor P ss 5O Sc or 
Redonda Island, Nos. 9 and 10— ie 
Estimated cost of 3-drill plant ...............0e-seeee OE ar $ 5, 
Estimated cost of bunkers and docks ...........+ ahem co poas eka eae aw Se slueigs 
No transportation required. ; tie 
i Total estimated cost of installation ......... Fu bee ss See eee 
‘s Estimated Cost of Mining and Transportation per Ton of 2,000 Lv. — 
(Figuring 50,000 Tons per Annum), ; 
Interest and depreciation on installation at 20 per cent.......... juan $0 06 
Hatimated cost of mining. 25 ei. 0s 5. +s doen soa ae pee trae intone 
Estimated cost of loading OE GEE oat 
Pistinated ‘cost of freight 2020, ¢ sss cds ao ae no ace en ee es ee 100 = 
HIStiMMAted. COst Of UNLOACINg {os Bais) bcs loses ae lees Fate PO Ee Sr as 
: OVALE LO OWHEr Per COM ss 2'5 2.0.6 sete Fen Ses wcble we dene ptameicne tanciee eee eee “at 5 
; Cost of ore at Seelhays plant Ge a ona ie eer =< 29 
; Nootka Sound, Nos. 13 and 14— ae 
4 Petumated- cost.of 3-drill plant .. :caw.s «a. seaimlhet dase ee eee Alay ty: S$. 
» : Hstimated ‘cost of-tram-line’ .:......6.t0.6 fete oy euabtas vats eee fed == 
Estimated cost of bunkers and docks ........ a. eaiat oe eowec rer Rar ae Berea 
RUNGE Be 9) oie los shetreyets. + bre tai’e wena a RO Ede sae sees Re Sn ae 
; Hstimated Cost of Mining one Transportation per Ton of 2,000 Lb. 
L (Figuring 50,000 Tons per Annum). 
Interest and depreciation on installation at 20 per cent.......... Git toh ) 
; Estimated cost of mining by large quarry ...............-. choo woes aie ee 
MeuMinted Cost Of ramming. 02 ca. i Be. tre ete rs ee eee eee ME eee 
Seeding ted cost oftireight, Gotu... uke Speed tne ee w regan ce fee 
Estimated cost of unloading .,....... PMS 3 Sa i AEN dae): Nae 
OvELTY EO OWEN Per CON! cee ees kee sc ee SES esb of Mansell eretepen: ee ist 
EDO UTES tafoartsvare Riethagt maui s othe. noel ocx Ree en a aT ee acters 
; Note.—The estimated cost for freight is based on transportation by ScOWS or D 
the Texada Island and Redonda Island deposits, and by freight-steamers properly 
hauling iron ore from the Nootka Sound deposits in cargoes of 500 tons and upwards. © 
a> fin (After consultation with Mr. R. H. Stewart, Mr. Brewer has decided to increase his e 
‘s for a 3-drill plant to $12,000 in view of present conditions. This change will only repre : 
cents per ton added to the estimated cost of mining.) a ee ee 
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Names and Locations of Properties. 


Approximate Dis- 
Name of Property. Location. tance from Deep 
Water. 
IBrescotte ative. couse, eek Pexadar isha dela cls ese cata ote heer wernt te olets 1,000 feet. 
[EIN EROS. Sane Street eeicars ca TOT AS) AO ns Seo toe 5 aaee es. ae ore aie keenads Re elation += About one mile. 
AER CR Percy sek, easels shee she ENGNG Ae ES] Lame. Vic ate ome ss «lp eeeteeeeererscses nena ous oc About 11% miles. 
POU + FRLVCT ye cco ese Branch of Quinsam river, east coast of V.I. . 13 miles. 
Quinsam Lake, Iron} Upper Quinsam lake, near east coast of V.I. .. About 25 miles. 
Syndicate 
BETCHA CLOW Mt asters tigi hr cels Nimpkish (IKlaanch) river, near Nimpkish lake, V.I. | About 21 miles. 
FUL CHEER ty 5c eons ene ie he Wigwam bay, Seymour inlet, Queen Charlotte | Close. 
sound 
PANOXAUOCT A i.. cleceigis ook South shore of Seymour inlet, Queen Charlotte | Close. 
sound 
ON OES LP Se Se eae West Redonds: iskawd ..5.. 200. Bate me See aw On shore. 
Black Warrtor® -...... West: Redondanelamdos.<. ches wimg cron etare ober eee On shore. 
Cumshewa* “65.5 ds y+ Louise island of Queen Charlotte group ......... On shore. 
Hagle and Sunrise:;...| West arm of Quatsino.sound, V.I.....---.--+++- 
Glengarry and Stormont | Head bay, Nootka sound, west coast of V.I. 1% miles. 
SSCLO So lese wis sao ate Meise, ai sae | Head bay, Nootka sound,’ west coast of V.I. 1% miles. 
Mviectertmu Steer: aa. <b Sechart, Barkley sound, west coast of V.I. 2 miles. 
olde Male ee lao a Sechart, Barkley sound, west coast of V.I. 2 miles. 
Crown Prince. ssa... Sechart, Barkley sound, west eoast of V.I. 2 miles. 
tS heTEh aN Sanh ge PRR BRA Sarita river, Barkley sound, west coast of V.I. | 1144 miles. 
UIE tO Sag tes ce ether see «, se Tzartoos island, Barkley sound, west coast of V.L. | | Y% mile. 
IRGK EE INCE 4 eral s.- Uchucklesit harbour, WESEECOUSLEOeaViel 1c eretareusrele Y% mile. 
Henderson Lake ...... Henderson lake, west coast of V.I. ............. | 1,000 feet to lake, 
122 oma bes = to 
deep-sea harb’r. 
Mefiance* ou ses o's Handy creek, Alberni canal, V.I. .............. 1 mile. 
POSER eae es Seale ere Gordon river, near Port Renfrew, V.I. .......... 5 miles. 
Sida 2.168 le its ecdccerale. 2 Gordon river, near Port Renfrew, V.I. .......... 9 miles. 
(CIOTANONG (Goe5) seeetit aeay eer Peron Bugaboo creek, tributary of Gordon river, near | 9 miles. 
Port Renfrew, west coast of V.I. 
Baden Powell and Little | Gordon valley, west coast of V.I. ............-- 7 miles. 
Bobs 
Prinee’s-Inon* os ss). West arm, Quatsino sound, west coast of YV.I. 2 miles. 
Britton and Monarch .. | Chromium creek, tributary of Klinaklina river, 
flowing into Knight inlet, mainland coast 
North Pacific Iron Uimonite (Summit) creek, tributary of Zymoetz|60 miles from 
Mines river, Skeena Mining Division G.T.P. Rly. 
Glen Tron Mine .2...'.. Cherry bluff, Kamloops lake, 13 miles west of | Adjoing C.P.R. 
IXamloops track. 
RUA 1 ieee aes causes arene EASES OOK Gt eV lumii | aetewcbot Suetctereraie - cl ctetttoreie fm eat | 1 mile. 
Darby and Joan* ..... Bieri Canalis ech hb. fe tele SR TOS. CaS eo 114 mile. - 
Loonie Loum tai aun den nedy., lake, Vdercesac views @ ates wiale a ee ewes, Hate Oe %s |18 miles. 
Chieftain 
Quantity Roughly Hstimated. 
To Sa Nan ry Gat Remarks, 
Tons Tons. Tons. Tons. 
Br eter ; 1,366,400 993,600 2,360,000 McConnell’s estimate. 
Neg ae 1,607,200 1,607,200 McConnell’s estimate. 
5 Sea 504,000 es 504,000 McConnell’s estimate. 
E> emer: a8 f 5,000,000 5,000,000 Brewer’s estimate. 
Sees ee (See report by George Clothier, 
PN ohiag M.E., Minister of Mines’ Re- 
port, 1917, p. 64.) 
SES 250,000 250,000 750,000 1,250,000 Brewer’s estimate. 


"hth go APE TN ROAE nS Rue = Sc Se SE, ely een Ae eae 


BuREAU OF MINES. - t ti TOTS ae 


Quantity Roughly 


—— 


Astimated—Concluded. 


Vigo AM Soaun Bepartrmmer eke oe Bea Ae 
Tons. Tons. Tons. Tons. 
BR ee Sa, AAG 50,000 200,000 250,000 Brewer’s estimate. 
AVE en gem tie 75,000 oe 200,000 275,000 Brewer’s estimate. 
UW 5 ben pias ies | 30,000 25,000 55,000 | Provincial Mineralogist’ ‘esti 
; mate. oi ge 
SK eee ere 3,000 5,000 25,000 33,000 Brewer’s estimate. 
OFM ek Seeman 15,000 babe, 15,000 30,000 Brewer’s estimate. 
Delta ort tonticcs 20,000 280,000 300,000 Brewer’s estimate. 
DL a eS eee 94,000 ae 47,000 141,000 Brewer’s estimate. 
cae See ge 16,000 230,000 120,000 366,000 | Brewer’s estimate. ~ 
QGP sane. : ore 500,000 250,000 750,000 Brewer’s estimate. 
Pala acnae 562,500 1,135,000 1,697,500 | McKenzie’s estimate, 
Lindeman’s report in Vol. ES 
p. 30, “Iron Ore Occurrences. ae 
in Canada,” Can. Dept. of © 
Mines, 1917.) eect eo 
Totals . 473,000 5,105,100 9,040,800 14,618,700 re Bs. 
Nature of Ore and Assay Results. i Se 
i | Ki ay 
No Nature. | Tron, Sulphur. sroeas | Insoluble. Remarks. fo toy aoe 
| Per Cent. | Per Cent. | Per Cent, | Per Cent. \ hag 
1 |Magnetite “lime| 66.0 | Nil Trace Se Average across face of adit 430. 
gangue ” feet below the highest out-— 
| crop. Brewer’s sample. 
[EnsOe.2 he paice Copper, nil; manganese, 0.08% 5 re 
| McConnell’s sample. — 
| 64.3 0.303 Copper, 0.14; McConnell’s: 
: sample. 
Eee 0.266 Copper, 014; McConnell’s 
sample. 
62.57 0.403 0.024 6.46 Lindeman’s sampling. 
58.76 | 0.113 0.011 12.0 Lindeman’s sampling. 
Ga: Camels ti 0.013 4.37 Copper, 0.08%; Lindeman’ s 
| sampling. 
| 69.85 | 0.6 Trace 2.75 Geol. Survey of Canada, 1886, 
p. 37B. = 
67-91 om Trace 2.96 Fulmer, Geol. Survey of Wash Ce 
| ington. 
65.71 | 0.013 Tenth Census, U.S. Represeutaaae 
| lot of 600 tons smelted at Iron- 
OSs j | dale by Puget Sound Iron Co. — 
2 |Magnetite “lime| 59.4 Pes dF Copper, 0.8%; McConnell’s: 
gangue”’ | sample. E 
64.48 | 1.866 |. 0.005 4 AT Copper, 0.22%; magnesia, 
1.13% ; lime, 1.82% ; alumina, ~ 
Lode Be | 0.66% ; Lindeman’s sample. 
3 Magnetite | lime| 58.0 1.6 Trace 0.5 Brewers grab sample from 
gangue ; dump. — 
Dilaey 0.046 Copper, trace; McConnell et 
sample. ; 
69.4 0.01 rae Oe : ate: 
59.57 0.137 0.057 8.33 |Copper, 0.08%; alumina, — 
1.17%; lime, 3.82% ; magne- 
| *SSia, eee: Lindeman’s 
: sample 
4 |Magnetite ....... 56.45 0.53 0.03 7.0 Copper, 0.7% ; alumina, 2. OT% ; PR 
: lime, 3.77%; magnesia, 
1.25%; Lindeman’s sample. 
Property owned by Canadian 
a ollieries (Dunsmuir ‘Ltd. si 
59.77 0.533 0.024 11.0 | Lindeman’s ee f ‘a 
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Remarks. 


Brewer’s sample from dump. 


Lindeman’s sample. 

Copper, trace; alumina, 1.74% ; 
lime, 0.80%; magnesia, 
1.86% ; Lindeman’s sample. 

Clothier’s sample, Minister of 
Mines’ Report, 1917. 

Alumina, 7.6%; lime, 
combined water, 
Magnesia, trace; 
sample. 

Lindeman, Vol. II., “Iron Ore 
Occurrences in Canada,” Can. 
Dept. of Mines, 1917. 

No samples reported. 

Lime, 1.0% ; Minister of Mines’ 
Report, 191, p> 77%; sand 
Lindeman’s in ‘“‘Jron Ore 
Occurrences in Canada,” Can. 
Dept. of Mines, 1917, p. 18. 

Tindeman’s sampling. 

Lindeman’s sampling. 

Brewer’s sample. 


1.8% ; 
0.11% ; 
Clothier’s 


Lindeman’s sample. 
No samples reported. 
Lindeman’s sample. 


Lindeman’s sample. 


Brewer’s sample. 
Brewer’s sample. 


Brewer’s sample. 
Carmichael’s sample. 
Lindeman’s sample. 
Brewer’s sample. 


Carmichael’s sample. 

Lindeman’s sample. 

Brewer’s sample. 

Carmichael’s sample. 

Lindeman’s sample. 

Brewer’s sample. 

Carmichael’s sample. 

Gold, trace; silver, 1.2 0z.; cop- 
per, 3.3%; Brewer’s sample. 

Brewer’s sample. 

Brewer’s sample. 

Hand sample reported by Car- 
michael. 

Lindeman’s sample. 

sample. 

Lindeman’s sample. 

Lindeman’s sample. 

Lindeman’s sample. 

Carmichael’s sample. 

Galloway’s sample. 

Galloway’s sample. 


Lindeman’s 


t 
> 
’ 
> 
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ELecrric SMELTING of IRON Orgs. 
Nature of Ore and Assay. Results—Continued. 
No. Nature. Tron, Sulphur. Sen {nsoluble. 
Per Cent. | Per Cent. | Per Cent. | Per Cent. 
5 | Magnetite, lime, and 58.6 Trace Trace 9.3 
: garnetite gangue 
67] Magnetite’ >...... 64.23 0.233 0.010 4,12 
63.89 0.017 0.021 5.80 
7 |Magnetite ....... 65.5 0.5 4.6 
8 |Magnetite ....... 60.0 0.30 0.11 6.37 
9 |Magnetite ....... 71.28 0.89 
10 | Magnetite ....... aps pata nee es 
Ali Miacnetite ® vs ccs. 68.0 0.01 0.008 12 
OIE BOM eos gs Gece 54.46 0.15 0.038 PAS? 
56.97 0.447 0.038 1.40 
13 |Magnetite lime- 56.08 0.1 Trace 1.6 
stone gangue , ; 
66.17 0.017 0.016 6.1 
14 | Magnetife........ Ae te SAOeRR 4s tatees accaks 
15 |Magnetite lime- 59.69 0.04 0.016 12.76 
stone gangue 
16 |Magnetite lime- 59.37 0.716 0.006 13.36 
stone gangue : y 
60.7 Trace Trace 13.6 
17 | Magnetite lime- 54.4 1.4 Nil 21,2 
stone gangue 
55.6 0.4 Trace 17.6 
48.4 0.7 Trace err ee 
48.06 0.623 0.006 Dae 
18 | Magnetite lime- 63.8 0.55 Trace 4.2 
stone gangue 
é 63:7 0.3 Trace 3.85 
60.89 0.76 0.004 3.81 
19 | Magnetite ....... 56.2 iS Nil 17.0 
50.4 0.3 0.053 18.6 
52.09 0.23 0.025 16.52 
20 | Magnetite ......, 70.2 Trace Trace 1.4 
21 | Magnetite ....... 50.0 0.24 Nil 22.0 
22 |Magnetite lime- 52.6 4,2 Nil ala 
stone gangue 
66.0 Trace Nil 3.0 
65.8 Dur Trace 4.8 
23 | Magnetite-....... 61.9 0.34 Latent 
O4)| Magnetite ....... 56.57 2.75 0.121 8.52 
25 |Magnetite ....... 67.09 1.6 0.009 4.51 
265) Magnetite)....c%. 58.3 PES 0.013 8.88 
PHM OSFE mois shiellosserslete: a 54.46 0.15 0.038 Zo2 
56.97 0.447 0.038 1.40 
52.0 Reatake ONES Ava 
Zou Eema tite. cic... 47.6 Nil Trace ‘ 
48.4 Nil Trace 
57.0 Trace Trace 


Galloway’s sample (selected). 
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Nature of Ore and Assay Results—Concluded. as 
No. Nature. Tron. Sulphur. Seer Insoluble. Remarks. 
| 
Per Cent. Per Cent. | Per Cent.-| Per Cent. . : 
| i First four samples by 
: McKenzie. i 
29 | Limonite ........ 54.20 | 1.16 | 0.407 1.02 Manganese, (©.85; water -com- 
| bined, 18.54. ! 
6:0 laws = alee 0.016 0.83 Manganese, 0.51; water com- E 
bined, 16.02. Mee 
54.32 1.14 0.065 1.99 Manganese, 0.39; water com- — 
bined, 20.47. oy ey 
52.19 1.47 0.616 1.56 Manganese, (0.70; water com- 
bined, 19.61. ; rh 
HG) VG Nil 2.0 Brewer’s sample. 
50.6 0.8 Nil 1.7 Owner’s sample. 
boe2 2.65 0.0016 31 Owner’s sample. 
eee 1.89 0.014 1.62 Owner’s sample. 
54.0 1.15 0.002 1.04 Owner’s sample. = pie 
30 | Magnetite ....... 64.81 0.158 Trace 4.21 McEvoy’s samples. (See “ Tron ; 
Ore Occurrences in Canada,” 
62.03 0.170 Trace 3.85 Can. Dept. of Mines, 1917, 
63.24 0.17 Trace 4.05 p. 31.) - arf 
ol, | Magnetite ....... ooo A aut eae Ore carries too much copper to ~ 
be suitable for iron-making. 
oai) Magnetite —...-... 50.96 0.088 | 0.004 25.96 | Lindeman’s sample. = 
55.9 1.0 eal 16.0 Carmichael’s sample. 
SO a NIAPNETILGl a. oes 4.5 30.1 ae be Trace 515 Brewer’s sample. 
63.07 0.043 0.016 7.64 Lindeman’s sample. 
| "| 
(End of Mr. Brewer's report.) > : 


_ Iron ORE FROM HEAD Bay. 


In view of the importance of obtaining more exact information in regard to the richness and 
other characteristics of the available ore, I discussed with Mr. W. F. Robertson the possibility of — 
having a quantity of ore taken from one or more of the deposits, and sending large samples to 
Victoria for analysis and for tests in regard to magnetic concentration. Mr. Robertson con- 
sidered that it was not necessary to undertake this at the present time, but he instructed Mr. 
Brewer to obtain a large general sample of ore from the deposits at Nootka sound, Head bay. 
In a letter from Mr. Robertson dated August 12th, 1918, and enclosing an assay certificate dated 
August 9th, he informs me that Mr. Brewer took nine samples from various parts of the deposit, 
including two near the margin. He also took a sample of the foot-wall.. The nine samples were 
assayed separately for iron and were found to contain: 68 per cent., 70 per cent., 67.2 per cent., 
63 per cent., 63 per cent., 44.8 per cent., 47.8 per cent., 67.2 per cent., and 68.2 per cent. The 
samples containing 44.8 and 47.8 per cent. were taken near the margin of the deposit. A com- 
posite sample was made up containing equal amounts of each of the above nine samples and of — a 
the one foot-wall sample. This composite sample was analysed and was found to contain :— 


Per Cent. Per Cent, 
OR eee he Fae en, ek ce 57.1 Sulphttr: 2 Sees eee Trace. 
DLITCe a cae ay, alls  , eee a See el ty Phosphorus:2yives we ee es 0.05 
INNO Crea ders ce arsine Rae Leute oot = 0.6 


The average richness of the ore itself is 66 per cent. of iron, and the average richness, 
including the two samples near the margin, is 61.6 per cent. The composite sample contained ce, 
57.1 per cent. of iron, from which it can be calculated that the wall-rock would contain 16.8 
per cent. of iron. If we assume that the samples are representative of the deposit, we Jearn . 
that the rich ore contains 66 per cent. of iron, and that a general sample, including ore near 
the margin and some of the wall-rock, contains 57 per cent. of iron. We may apparently con- 
clude from this that in general mining an ore of at least 55 per cent. of iron can be expected. 
It appears, further, that the gangue-matter is siliceous and contains very little lime, and that 
the ore is free from sulphur and below the Bessemer limit in phosphorus. 
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The Head Bay deposits appear as Nos. 13 and 14 in Mr. Brewer's list, but Mr. Brewer 
does not state from which of these properties his present samples were taken, or whether the 
samples were taken from both properties. The weight of the samples is,also not mentioned. 
Mr. Robertson considers that the above results are higher than would be obtained from an 
average shipment of ore from this deposit. 


NOTES FROM THE B. lL. THANE COMPANY. . 


The following notes on four deposits of iron ore in British Columbia were given me by the 
B. L. Thane Company, of San Francisco, and are of value as supporting the conclusion that 
there is available an adequate supply of magnetite ore. The analyses quoted indicate a higher 
grade of ore than that on which I have based this report. 

Texada Island.—Deposit of magnetite owned by the Puget Sound Iron Company. The 
deposit contains 1,000,000 tons and probably an additional 2,900,000 tons. The ore is loaded 
into ships near the mine. ‘The ore contains :— 


Per Cent, Per Cent. 
TOM erates aioe scoped vidoes oe 62.9 IMA FH CSU ei arate edocs ace tac ato 0.75 
SUM CaS aap eatach de ofa ns Sea 6.66 INelcel Mas stesso Bcctre ies a Seta 0.014 
PNOSPHOLUS: hy nie wes packets eee 0.016 Cobalt ein sem usecase ss 0.005 
SUDAN ag) 9 8a servo r Ceara oe er peepee Sas 0.51 COPPER Aven ee sata ee gk 0.13 
linia $9415 stceew one oe 1.4 Wail we eter hares fears Nil. 
PARE GMa iecarsce woes de: caer eae asee 2.0 = ALSONI Gs sxc arian eee taeie)s «tke Nil. 
The estimated cost (pre-war) at a Puget Sound port was :— 

PEBTNIT Comer een Suerte: sree ots ee MAGE, Mn Ds ty eM clcna-w' ie: aig, Seach ott vemsitereuer a emer ocakie, 6 tars SO 56 
AUG aul AOS DOLLA LLOD +. rcteea mec ciaesestiece mt. SMP ST e 36 nee cael ea even e ake mane ote She 10 
Oe MURALS OE LUC LOIMG whit tune cust crass ciietes soci Paras ocun obs nra:'s’ evens alaallonaievete: Giaveteerarel's at's s 50 
aD AL Vacca ws abel SeMestya «Celta ae arya ie wevererem ams o's ~ aN fy0's wae Finke ye rtrancr tage Ree 25 
BREA SGEN CL CL NAITO eae Ge eens Meares Rigtne shee tor GlGGAE Ge tien, oes awleliohete temreeiete oar at eos: Paes 20 
PROP UNCUT yack en tak ae Et ea ciate eek Strela. (ie wee 2's 50 

BING) teeth leases att tes cae eet ar AN eis. ee ailion> oa e Fase ohana orehe aed ah Snanbew.-yo/e Bu $2 11 


Or $3.18 per ton of pig-iron. 


The assumed output was 200,000 tons a year for twenty years. A tram from the mine of 
1.1 miles would cost $10,000; equipment and development of mine, $290,000; total, $300,000. 

Cumshewa.—A deposit of magnetite on Louise island, owned by H. K. Owens, contains 
570,000 tons, with a probable 344,000 tons more. The ore is loaded into ships near the mine. 
The ore contains :— 


Per Cent. Per Cent. 

ROVER ees nh tenets dade as 60.0 SUIPMILEN cans cwigpr aes ene. © U.O20 
SSELMGR eae eae CoAT weal See sia o 7.0 Fie aeer rae: neta. ete cicero a sc 2.0 
IRAN TRRESE ft sis eek ano eel are 0.83 KDERASIRUDIY. 5 oe oni eet ares srr ss wise 0.07 
IPNOSPHOMUS! Saja sce cute knee 0.008 

Pre-war cost :— 
Mining ..... BSS SOLS Po PORE Oe ee I ONS a de $0 75 
Land tramsportation ....... 0. see eee eee eee eee cee eee eee eee eeee 15 
S Cala CLAN SPOLDAL POM ters aies coe Ea ont snd sta a a dl Graal eran al a sace oops Pal aKe are LSUe ets ae "see! 8 75 
Se CIC NAR OS Urtean te eerie cat ore cuemelers os MOE A A ee, areas Shay SNS adits eee val 
MISO Le CULE Vat ascctctie aeepee ere eee sate ween A al pee oos ta Sahai aa Ae katode, aFettnaltwnese Oe 50 

IRGY OWES Gee a ae come cere Samra tt, (mara sre eer ape ge OSG ane Ga rom $2 86 


Or $4.86 per ton of pig-iron. 


Assumed output, 100,000 tons per annum for nine years. An aerial tram of 1.5 miles from 
mine to wharf would cost $20,000; purchase of mine, $200,000; equipment and development, 
$100,000; total, $820,000. 


Ti? Burpau or Minzs. . 1919 ta 
3 - ye 


Se 
Head Bay.—A deposit of magnetite on Vancouver island, owned by Glengarry, Canadian 


Collieries (Dunsmuir), Limited, and Clarence Dawley, Clayoquot, contains 150,000 tons, with 
a probable 250,000 tons more. Ship from Nootka sound. It contains :— 


Per Cent. Per Cent. 
NGO aA Ee hey aS eet eect ree RRR 5 60.0 PhOsphor Usps. skeet 0.008 
SUN RE: Noe He 2 ace eg ICES oy 8.0 Sulphurssc5 ee vere tierce 0.013. . , 
Pre-war cost :— 

IY Whaat tern Ree a Re Re uma ier tee MPN Minty Gio DG curaus Oo eA Bo So $0 90 “ 
aNd “CLANS POrcAa CLOTS. ..< ci tesus tne eh esev sneer etele swe ele f et an chalce etoile eusie to) ushe\ic cette gee Melton TO See 
SEA LEANS DONTE LLOM © acne s.ch. « SMe tee seeded eieaan = ot oromshetetoravons Ne Oe eee 65 - 
PRG Val tay Merten eral oec: soiling sty o: oMeWtcmatedics coeiedNnsiers le apace nila teeete ieteh oe ree he ea ells eae mera 25 
UXO mCHAL SES Us his, ciety lactic, Meseens ears aceticlscs rece Sigene) stra aioeteie bani enent ets sf estes aia 30 
EER OT UE CUGY wai. ctett tte y evokes ara elle deests le lei eplisiten iets legalio ner oiien shall apoUalls “it eee Mek Ton: armen * 50 

ANT ct ene it aE, 4, ME ie ee Art eee rare AEG Dit ouch ah. 2°38 2° oo $2 70 


Or $4.27 per ton of pig-iron. 
Assumed output, 60,000 tons per annum for seven years. Would need an aerial tram of 
1.5 miles from mine to wharf, costing $20,000; development and equipment, $50,000; total, 


$70,000. 
- Quinsam Lake.—A deposit of magnetite owned by Jones & Thomson, probably contains 4 
500,000 tons. Ship from Campbell river. It contains :— oe 
Per Cent. Per Cent. 
Ni Onie eee. 4. ee nice & 60.0: TAME": ie os oe eiacheher eee Alay. 
SUNT GAP IIS Srmyary lacs Slee sorsts eka 4.0 Phosphorus) oeissaae eae 0.002-0.976 5 
Maneunesens: {5 acta voeoeee 0.65 Sulphur 4. Geer aes 0.005-0.068 ; 
PAGIURIVALTV Elie takes eeya.:scstatickiedahe sk © Wis ori 2.6 ; ’ 
Pre-war cost :— 
IVE TITA TNS Geiee «cc Paote als acu: s ‘yaw aoa do Shee] ahrece, acerca Re NCR cee A aL erie te a ee oe $0 90 
TFA GAT ATASPOPCATION: 5 sig s.dcn eve tte, jueticetie aiten oro eTen ele ove Roe Fens Ber Ee eT leer cee 60 
SGAd SCTATISPOLEAEIONOG.. 2:5 4 sa cio ace’codca.e oie tone otorap ue uegete olebehcnekeee can etenencheue: rate ae maaan 50 
d Reci)ui 2 W AIRY Ag enn ener a Oe PESTON, 4 SUCHIN OE Ine mU MAI ony ci tec Sib b tuo Os 25 ‘ 
BOM CH BT GOS 5. Hy alee ies. Sand, doe eons maT Sates alo oe ae ae 2 12 : 
FIX POT be TOALY Nie Rouse a's) od thw: apeeret aN BeSS ale CRONOUS «ee lpas ETRE Oe ae ee 50 
A Ut): Beenie or ar ee gre meee ch ete < 2 ER CaN eee aa co hab $4 87 
Or $7.71 per ton of pig-iron. if 
Assumed output, 60,000 tons per annum for eight years. Needs a twenty-mile aerial tram, — 4 
costing $220,000; development, $60,000; total, $280,000. ee = 4 


With regard to the estimated cost of mining and transporting these ores, we find (excepting 
the last in view of the unusually heavy fixed charges) the total costs to be $2.11, $2.86, and 
$2.70 per ton of ore. Deducting the export duty of 50 cents, these become $1.61, $2.36, and 
$2.20 per ton. Messrs. B. L. Thane consider that the 1918 costs for labour, materials, trans- ~ 
portation, and capital charges would all be doubled, thus leaving a duty-free cost of $2.97, $4.22, 
and $4.15 per ton, or an average cost of $3.78 per ton. Remembering that these relate to outputs 
of 200,000 tons, 100,000 tons, and 60,000 tons respectively, it does not appear that Mr. Brewer’s 
estimate of $4 a ton on an output of 50,000 tons is at all too high. 


NoTrres on Cost or MINING AND TRANSPORTATION. 


I. Mr. W. M. Brewer in a letter dated July Sth, 1918, writes me that he has had interviews 
with Mr. R. H. Stewart in regard to the cost of mining and with Captain Simon MacKenzie in 
regard to the cost of transportation. é 

Mr. Stewart stated that where the iron ore would be mined by quarrying and there would 
not be very much development-work and only a reasonable amount of sorting, the cost of mining 
iron ore at the deposits on Texada island, Redonda island, and Nootka sound (Head bay) should — 
not exceed $1 per ton, even when a quantity of only 100 tons a day was being mined. He also 
said that Mr. Brewer’s estimate of $5,000 for the cost of installing a 8-drill compressor plant at 
any of these mines should be increased to about $12,000 in view of present conditions. : 


wl. pan, C9 ore ate a“ ¥ _—-- < a2 
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; Captain MacKenzie stated that Mr. Brewer’s estimate of $1 per ton for transporting iron 
ore from Texada island or Redonda island to the neighbourhood of Vancouver was reasonable, 
provided that good dispatch were given in loading and discharging, and that a regular business 
could be ensured averaging not less than 700 tons a week. He also stated that if the ore was 
only to be hauled a short distance, as, for example, from the west coast of Texada island or 
Redonda island to the east coast of Vancouver island, say in the neighbourhood of Union bay, 
the charge for transportation should not exceed 50 cents or at the outside 75 cents per ton, pro- 
vided that regular business, handling 700 tons a week, were established with reasonable dispatch, 
Say ten hours for loading and twenty-four hours for discharging cargo. Captain MacKenzie 
considered that Mr. Brewer’s estimate of $1.50 per ton for transporting iron ore from Nootka 
sound to the neighbourhood of Vancouver would be all right under reasonably normal conditions, 
although at the time of writing the transportation companies were asking about $3 per ton in 
eargoes of 700 tons. + 

If. I have received from Mr. Robertson, under date of July 6th, 1918, the following memo- 
randum re transportation of ore, etc., from Mr. H. L. Drummond, Manager, North-west Lighterage 
Company, Seattle. 

Iron Ore from West Coast, Vancouver Island— 


TOT SeOhe OOOr ONS meee eared iit coca eG se ¢ Estimated at $1.50 to $2 per ton. 
AT OLS One ar OOO vLOMS Nutt tute deuee teieie s/s sanlecea.s s _. Estimated at $1.50 per ton. 
Iron Ore from Texada Island (on Long Contract)— 
HALOS OLN. ORV OILS Perameiae tay teed eed: cercr Seale osaileraceca Soave 's 0’ 8'S pace even atere 90 cents per ton. 
POLO PUNO EOE SL aie eer vleld «Gis a a'7 o Sane tre + 6 3 Mirae Wain slale 80 cents per ton. 
rT O yi OL CN AEO ILS Grameen exci penser teers citraes ig Son le sis sl svera ape el ogee 65 cents per ton. 


The Drummond Lighterage Company are transporting :— 
Coal from Comox to Seattle at 90 cents per ton. 
Coal from Nanaimo to Seattle at 75 cents per ton. 

They take 1,200 tons per trip and from 15,000 to 18,000 tons per month. The charge for 
carrying copper ore from Sidney inlet to Tacoma is from $3.50 to $4 per ton. 

Conclusions.—(1.) Raising the estimate for the 3-drill plant from $5,000 to $12,000 will 
increase the cost of equipping each mine by $7,000, but will only increase the cost per ton of ore 
by about 8 cents. 

(2.) The original transportation estimate of $1 a ton from Texada and Redonda and $1.50 
a ton from Nootka sound are supported by the above notes. 

(3.) With reference to the cost of mining, Mr. Robertson considers that, in view of the need 
of obtaining an ore of reasonable richness, the cost of mining would certainly be higher than 
Mr. Stewart’s estimate of $1 per ton, and that $2 is as low as can safely be estimated under 
present conditions. We may reasonably suppose, however, that in course of time, when the 
industry becomes better established, and if the ore-deposits are found to be large enough, the 
cost of mining may possibly come down to about $1 per ton, even with the present rates of wages. 


NOTES ON VARIOUS IRON-ORE DEPOSITS. 


I. Iron-deposit at Sarita River.—I received from the Hon. Wm. Sloan a letter dated June 7th 
from Mr. J. F. Bledsoe, Manager of the Centrhl Iron Committee of Vancouver Island, enclosing 
a note from Mr. Wm. Lorimer, of 576 Toronto Street, Victoria, B.C., in regard to the iron-ore 
deposit at Sarita river. Mr. Lorimer, under date of June 6th, states that this deposit has been 
mined to the extent of forming a dump of ore, and suggests that some of this ore should be sent 
to the laboratory at Victoria for treatment. He offers to sack and ship as much ore as may be 
required, and would make no charge for this beyond his expenses. This deposit is No. 18 in 
Mr. Brewer’s list. It is estimated to contain probably 30,000 tons, with a possible 25,000 tons 
additional. The deposit is one mile and a half from deep water. It would certainly be of 
interest to have a quantity of this ore supplied for chemical analysis and other tests, but it will 


be more worth while to open up some of the larger deposits which are situated close to deep ~ 


water. Moreover, the samples received from this deposit have been rather high in sulphur, as 
is shown in Mr. Brewer’s report. 7 
Il. Kitchener Group, West Redonda Island,.and other Deposits—Mr. Nichol Thompson, of 
Vancouver, has placed at my disposal certain information respecting the iron-ore deposits in’ 
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British Columbia. This includes a general synopsis of the iron-deposits in British Columbia, — * 
and reports with regard to the Kitchencr group, the Hisie claim, on West Redonda island, and _ 


other claims, from which I extract the following :— ~ BP 


The Kitchener group (No. 7 in Mr. Brewer’s list) is located on Wigwam bay, Seymour fide 
Queen Charlotte sound. <A report by G. A. Clothier, February, 1918, shows vein No. 2 to contain — 
65.5 per cent. iron, 4.6 per cent. insoluble, and 0.5 per cent. sulphur; and vein No. 3 to contain — 
64.4 per cent. iron, 1.8 per cent. insoluble, and 0.1 per cent. sulphur. Further surface work _ 
would be needed to prove the continuity of the ore-shoots on the surface before diamond-drilling _ 
to prove them at depths would be justified. A sample of the Kitchener ore supplied by: Mr. 


onan on July 24th, 1916, was found to contain :— Per Cent. 
JET Cop elisa s me 0) Alaltrep ee Mere "tie AB ae he, BRAN A Taner, UY LS emai be | -LBlanc 8 64. 35) Tron, 64. 5 
ii oyvep-ao Leen ay teal 10) 0 tar’ REE Cl) aie OO Rn GIN id. 2 Moot ps Gil 25.164 per cent. a 
Protoxide Oramaneanese. 6s ays. pech-wen eat Ge eon Sete Pee ae ee 0.47 aa 
SASTURTIO 1D) lista es Revere US Sal. sea REST ODE etal poets ener vet SNe lao ee ona 0.96 ere 
DAT eS Ae te eRe: RE TEEPE ie Secale AR aS A Rn IN Sect coro is ja. BOS } 
NEY gS Vg ey en OE AES AG nen Sree rae eA Pn mn Bein ehd 5 eee ob 3.89 Me 
Sith OLEUb hop apres ecu iee eee EA yin or acer Rai MAT ee BRET GANS etic cu Slight trace. 
JEAUNOYS| OLIV O) cb ie Ae OTR cares 3 Lela N RR Me Cec oat Omnis GnIb Geidlc 5.d0 3.0 £ Slight trace. © 
AIS OUITD LGR e to sue eoa > a. Sage ieee Semen Ce eer a ML SAAS Om: 4.70 ‘ 

Total 205.5. Lei ane. Oe ks eee eG ee 100.53 


A report of the Elsie claim, on West Redonda island (No. 9, Mr. Brewer’s list), by Alexander 
Sharp, Vancouver, October, 1917, contains the following summary: ‘The Hlste mineral claim 
has a well-defined magnetite-iron ore vein, fully 80 feet wide, probably extending from the east 
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to the west boundary, and to depth. ‘The ore is high grade, almost free from sulphur, phosphorus, ~ — 


and other impurities. Situated on tide-water, where the largest ocean-going ship can be loaded 
at any tide, the mineral can be easily and cheaply mined.” 
Mr. Sharp quotes the following analyses for this ore :— 


Per Cent. Per Cent. 
LOGOS is eet dip keoent Gert aed ARI 65.0 TrOn “siti Cee ee 61.10 
SMUD As ceeds aye sich seeueeacels, She aos None. Silica: cache oe eee Gori tts Weil! “. 
TTVSOMINO LS aah. gies cet ar einus: be eae 9.20 Tesi See ae fy pee 8.10 
Phosphorus yee crea ee 0.015, 
Sulphiy snceteee ee Merete ie ie UO 


Some 626 tons of this ore was shipped to the Oswego Iron and Steel Company’s furnace in 
Oregon. ‘The average iron content was 60.8 per cent., and the ore was reported to work’ well 
in the puddling-furnace. Es rs 

Mr. Thompson also supplied me with reports by J. H. Scott, of London, and W. Newman, 
of Vancouver, with regard to the Shoo Fly and Nellie GC. claims of iron ore situated near Cardero 
channel, in the Coast District of British Columbia, 120 miles north of Vancouver City. The 
reports speak very favourably of the amount and nature of the ore, but the analyses they quote 
show only 50 per cent. of iron and as much as 2 per cent. of sulphur, which does not support ok 
their statements with regard to the value of the ore. The complete analysis quoted is:— 


Per Cent 
MIGTTUC CO RVTC (GACT Scere bowls, A braadaee so aco ees ent tale etn Guenter EE es ae 51.80 
BICRTOUSE OXUGS 52a ksshe oie: qe. oles «5.6 0f@Fyeo 70 Re ee se RE ee er 25.63 
Sila Terese terse eS bascguace Bate 9.5 oak veel va 2 eee ae . 19.50 7 
WS UO evens Go ahoh sis oo bu pares ec a le ots ia renee ou Tee ene ee 2.10 : 
PHOSPNOLUS  s5. 5 oie aes EWE its Bie Cera. + RE ee Nil. 
SPT UATU Sears atat fv .che x 2 ueevateuer sedi ema nsiese bo (ian oe See ee ae oe NG. 
Winters. am ds Ox VRenc = .gevasreis it Scie Ghcvlnegees 5 <a eee east ene eee ee 0.97 
Ota: sii enceses i Ok ore acc s, 0, 0 6095 hs ce ec i a 100.00 
Three samples assayed for sulphur showed: 1.75 per cent., 4.5 per cent., and 0.71 per cent. — 


respectively. Hight samples assayed for iron showed: 59.7 per cent., 57.5 per cent., 54.6 per — 
cent., 58.8 per cent., 54 per cent., 59.3 per cent., 51 per cent., and 53.2 per cent. respectively. 
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APPENDIX III. 


MAGNETIC CONCENTRATION OF IRON ORES. 


In smelting low-grade ores of iron, it is sometimes economical to dress the ore before 
smelting it, in order to eliminate most of the barren rock-matter, and thus to reduce the cost 
of the smelting operation. This preliminary dressing is particularly desirable in the electric 
smelting of iron ores, on account of the small size of the furnace and the high cost of the 
smelting operation. Magnetite ores of iron are readily concentrated by means of an electric 
magnet which picks out the magnetite mineral and leaves the rock. It is necessary, however, 
to crush the ore sufficiently fine to separate the grains of magnetite from the grains of rock, 
and the concentrate must therefore be briquetted, or sintered into lumps, to make it fit for the 
smelting operation. 

In the case of an ore cotinine 50 or 55 per cent. of iron, and costing $4 per ton delivered 
to the furnace, it would scarcely pay to concentrate, obtaining a product of 65 to 70 per cent. of 
iron, because the extra cost of the ore (as some is lost in the tailing) and the cost of the opera- 


tion would about equal the economies to be gained in the smelting. If, however, by mining the 


ore in a more wholesale manner the cost of mining can be considerably reduced, and if the 
dressing operation is carried on at the mine or loading-wharf, so that the freight is only charged 
on the concentrated ore, there is a possibility of obtaining a smelting concentrate at a moderate 
"price. 

We may assume, for example, that the ore can be mined to contain 40 per eae of iron at 
a cost of $1 per ton, where the 50-per-cent. ore cost $2 to mine. Adding tthe fixed charge of 
10 cents and the royalty of 40 cents (50 cents for a 50-per-cent. ore), the crude ore will cost 


_$1.50 per ton. The crushing to 80 mesh and magnetic concentration may cost 80 cents per ton, 


making a total of $2.30. Suppose that 2 tons of ore yield 1 ton of a 70-per-cent. concentrate, 
then the cost will be $4.60 per ton of concentrate. To this we must add a charge of, say, $1 
for sintering and $1 for freight, making a total of $6.60 per ton. This corresponds to $9.45 per 
ton of pig-iron, which is $1.45 more than the cost using raw 50-per-cent. ore at $4 a ton. The 
saving in the smelting process, due toa the use of a richer ore, would be in the order of $3 a ton 
of iron, thus making a saving of about $1.55 per ton. The items of cost mentioned above have 
been made higher than usual on account of the increased cost of labour and supplies at the 
present time.* 

Messrs. Beckman and Linden in their report (Appendix XI.) claim a net saving of $3 a ton 
of iron by dressing a 50-per-cent. ore up to 65 per cent. of iron. They consider the 65-per-cent. 
ore to cost: 1.3 tons of ore at $4—$5.20; and cost of crushing, dressing, and sintering, $1.25 per 
ton of concentrate, or a total of $6.45 per ton, or $9.48 per ton of iron. In view of the loss of iron 
in the tailings, they would probably need about 1.5 tons of ore, costing $6, while the crushing, 
dressing, and sintering will cost, at present rates, about $2, making a cost of $8 per ton of con- 
centrate, or $12.30 per ton of iron. This is an increase of $4.80 over the cost of using the raw 
ore, and the saving in the furnace operation will be $2 or $8. Messrs. Beckman and Linden find 
a gross saving of $4.79, but I believe this is an overestimate. In any case, even allowing for some 
error in my own estimate, it appears that no material advantage would be gained by dressing 
a 50-per-cent. ore to obtain one of 65 per cent. ; 

In the Swedish practice a moderate proportion, perhaps 25 per cent. of concentrated ore, 
“ slig,” is used unbriquetted in admixture with lump ore, but finely crushed concentrates cannot 
be used to any great extent in the charge. If the preliminary reduction process (Appendix XII.) 
is found to be practicable, the ore will have to be crushed, and magnetic dressing will form an 
essential part of the scheme. The metallized powder can be melted without briquetting, because 
it will be, largely, a simple meee operation and there will not be a great production of gas 
in the furnace. 


* The foregoing figures refer to a short ton of iron instead of a long ton, but as the discussion is 
comparative no serious error has thus been introduced. 
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- somewhat with the richness of the ore, the grade of iron to be produced, and the kind of fre : 


. power for the permanent operation of the industry. 
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APPENDIX IV. 3 > i 


ELECTRIC POWER FOR SMELTING. 


The possibility of the commercial operation of an electric-smelting plant for the production — ee 
of pig-iron from iron ore depends on an adequate supply of electric power at a moderate rate. f 
For the electric smelting of iron ores a large amount of power is needed, the amount varying “eg 


employed. Under usual conditions the consumption of electrical power for each long ‘ton of 
pig-iron lies between one-third and one-half of a horse-power year. For the production | of | 
foundry iron from rather low-grade ores, and in a simple pit furnace, it will not be safe to fe 
count on the production of more than 2 long tons of iron per annum for each electric horse-power | 
supplied to the works. For a production of 50 tons of pig-iron daily some 8,000 or 9,000 electric a : 
horse-power will be needed, and if provision is made for the production of ferro-alloys and the — Es 
making of steel in electric furnaces, some 10,000 to 15,000 horse-power must be provided. ee 
It was recognized that such a supply could be obtained by developing certain water-powers —_ 
on Vancouver island or on the mainland, but in view of the need of establishing the smelting 
industry at the earliest possible date, and of the extreme difficulty and expense of new develop- — aa 
ment-work under present conditions, it was decided, if possible, to use power that was already © 
developed for the initial operation of the plant, and to defer until later the development of fresh — 


~_ 
£ 


With this in view a letter was written from the Department of Mines to the general manager ao 
of each of the power companies of British Columbia, as follows :— ae 
June 4th, 1918. 

DEAR SrR,—Will you kindly furnish me at your very earliest convenience with the following 
information :— a 

Whether your company is in a position to supply electrical power, starting, say, at 15,000 — 
electrical horse-power, in the hope of increasing the power within a few years up to 50,000 electrical 
horse-power. i? 

At what point could you supply it? 
= The cost for the same, showing how the cost is estimated. 

The voltage and frequency of the electric current. 

The extent to which a constant supply can be depended on. i 34 

I desire to have this information in order to be prepared with the statistics requisite for a 
thorough investigation into the possibilities of establishing electric iron-furnaces in British Columbia, 
which will be investigated by Dr. Alfred Stansfield, of Montreal, who is expected to arrive here on 
the 10th inst. 


; Yours. faithfully. 
The following replies were received :— 


Britisa CoLtumpia HLectric Ramway Co., Ltp., 
HASTINGS AND CARRALL STREETS, 


VANCOUVER, B.C., June 10th, 1918. 
The Hon. Wm. Sloan, 


Minister of Mines, ea 
Parliament Buildings, Victoria, B.C. : ae 

DEAR Sir: oa 
Power for Electric Furnaces. . “ag 


‘With reference to your letter dated June 5th, enclosing questions regarding the power available 
from my company’s plants for the operation of electric-smelting furnaces, the jollowains data. may = 
assist Dr. Alfred Stansfield in his investigation of this subject :— 

Our hydro-electric plants are now developed to supply a greater demand for power than exists a 
at the present time, and a portion of this energy might be used for the operation of electric furnaces. — 
You give no information regarding the load factor or power factor at which this energy could be $ 
taken, and the amount of power which we could supply necessarily depends on these factors. It is 
probable, however, that we could furnish 15,000 electrical horse-power with the power-factor and 
load-factor conditions under which electric furnaces generally operate. 

As regards increasing the supply of power from 15,000 horse- -power to 50,000 horse-power during | ¥ 
the next few years, our Coquitlam-Buntzen power scheme is now fully developed, and it would not — 
be possible to install additional machinery at either of our Lake Buntzen plants. We have, how-— E 
ever, in view other water-power schemes on which stream-flow data is now being obtained and which 
could be developed in the future as the need arises. It might also be possible for us to purchase an — 
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increasing amount of energy if the load conditions on our system warranted such action. My 


company is therefore in a particularly favourable position to supply the energy which would be 
required for a large power-load, subject to great expansion. 

From the point of view of power-supply, an electric-furnace plant should ‘be located, if possible, 
in close proximity to the power-house supplying energy for its operation. 

Our water-power plants are located on the east shore of the North arm of Burrard inlet, about 
fourteen miles from the city of Vancouver. The North, arm is almost entirely surrounded by high 
mountains which slope steeply to the water’s edge, and there is therefore comparatively little level 
ground available on which buildings or other structures could be erected. There is, however, a small 
piece of level ground, triangular in shape, and about 1% acre in extent, at the north end of our No. 1 
Power-house, but whether this piece of ground would be sufficiently large I do not know. ‘The 
an ese of locating the electric-furnace plant adjacent to our power-house may be summarized as 
ollows :— 

(1.) Power could be supplied directly from the power-house bus-bars at 2,300 volts, or possibly 
at a Slightly higher voltage. The use of transformers to step up to a voltage suitable for trans- 
mission would thus be avoided, and the construction of additional transmission-lines would be 
unnecessary. If power were taken at any point on our existing transmission-lines, the voltage would 
be approximately 34,600. 

(2.) Two or more of our generating units could be set aside to supply the furnaces, and this 
load could therefore be entirely independent of our transmission system. In order to make a similar 
arrangement for any other location of the furnace plant, the construction of a separate transmission- 
line from the power-house to the furnaces would be necessary. The operation of the furnace plant 


‘independently of the remainder of our system would have obvious advantages, both from the stand- 


point of the consumer and of the power company. 

(3.) A substantial concrete wharf equipped with a power-operated derrick is available at No. 1 
Power-house. ‘There is sufficient depth of water at this wharf to allow large scows and steamers of 
fair size to tie up. 

(4.) An abundant supply of pure fresh water at a low temperature and at a pressure of 
approximately 175 lb. per square inch is available at Power-house No. 1. 

On account of the location of this plant, the air is clean and contains fewer impurities than 
would be found in air nearer the city. 

If the location at the north end of Power-house No. 1 does not provide sufficient area, another 


‘site might be found about half a mile north of No. 1 Power-house. ‘The construction of a plant at 


that point, however, would involve the building of a short piece of transmission-line over very rough 
country and the use of transformers, etc. 

It is extremely difficult to reply by letter fully and satisfactorily to your questionnaire, but we 
shall be glad to go into this matter with Dr. Stansfield on his arrival in British Columbia should 
he desire to investigate the capacity of our plants. 

. Yours faithfully, 
; (Signed.) GrorcEr Kipp, 
: General Manager. 


WESTERN POWER COMPANY OF CANADA, LIMITED, 
: VANCOUVER, B.C., June 13th, 1918. 


Hon. Wm. Sloan, 
Minister of Mines, Victoria, B.C. 


DEAR SirR,—I have your communication of June 5th, asking for information in respect to the 
possibility of a considerable power-supply for electric iron-furnaces, and I must apologize for delay in 


‘making answer. 


Western Power Company of Canada, Limited, has now in operation in its plant at Stave Falls 
three 13,000-horse-power units capable of supplying a maximum demand of about 25,000 kilowatts. 
Of this power the British Columbia Electric Railway Company may demand 15,000 kilowatts, and 
the balance is nearly all taken up by the company’s other customers. 

The company has the greater part of the machinery on hand for the installation of the fourth 
13,000-horse-power unit, which can be installed when, necessary at a comparatively small cost. The 
turbine for this unit is, however, at the factory in Zurich, Switzerland, where it was built, and 
there is some question as to when it could be shipped. If this unit were installed, Western Power 
Company of Canada, Limited, would be in a position to sell 7,000 to 9,000 kilowatts more than at 
present. 

The company has a second site lower down on the Stave river which, if developed in conjunction 


with the existing plant, could be built very economically, and from this site there could be produced 


about 40,000 horse- power continuously. ~ 

There is nothing in the development of this lower site which would cause the construction to take 
longer than usual for this class of work. 

Power could be delivered from either of these plants at any point between Stave’ Falls and 
Vancouver. The most economical point of delivery, so far as power is concerned, would, however, be 
at Ruskin, which is close to the power-site. In some ways Ruskin would be an advantageous spot 
for the establishment of an iron-smelter, but if a point on or near Burrard inlet were selected the 
transmission-line would not be more than twenty-five miles long. 

With the above-mentioned developments a very reliable and constant supply of power could be 
depended upon, for the power plant has a storage-reservoir twenty-four square miles in area and 


L 388 BurREAU OF MINES. 


25 feet deep; besides, the large snow-field and glaciers which feed the Stave river tend to give great ‘ 2 
regularity in the annual flow, and no trouble of any kind is experienced in operating the plant in a 
winter on account of ice. : 


The electric current supplied by Western Power Company of Canada, Limited, is of frequency fi 


60 cycles and can be supplied at 60,000 or 12,000 volts. The company has just connected up a 6-ton 


electric furnace, which has been installed at the works of the Aetna Tron and Steel Company, at Port y a ; ; 
Moody, and this furnace, which is now producing pig-iron from scrap, 1s operating very satisfactorily an 


on the 60-cycle current. A 
For the supply of electric power for smelting iron ores the question of the “cost of power” is_ 
more difficult than the question of “quantity of supply.” All the plants in the neighbourhood of 
Vancouver have been designed and built for the supply of general power business, and it is a question 
whether the electric-smelting furnace could pay a price for the power that would be remunerative to 
the power companies. : : 
For smelting steel the quantity of power required per ton of product is such that the steel-maker: 
can pay rates which, though low, are remunerative to the power companies. The amount of power — 
required per ton of iron produced from the ore is, however, so much greater than that required for 


‘ ” 


merely melting iron or steel that the price of power for smelting would have to be very. low, and tt 
is difficult to see how a price that would have to be secured for smelting would be remunerative to : 


the British Columbia Electric Railway Company or Western Power Company of Canada, Limited. — 
Western Power Company of Canada, Limited, is selling power to the British Columbia Hlectric 
Railway Company at a price which is equal to three mills per kilowatt-hour, and while it would be 
“impossible for the company to sell more power at this low price, it might be possible to do something 
in co-operation with the British Columbia Electric Railway Company. = =e 
It is difficult to present the whole situation in a letter, but the financial organization of Western ~ 
Power Company of Canada, Limited, is very simple, and its costs are shown very clearly upon its 
books and monthly statements, so that it would be an easy matter to show Dr. Stansfield exactly 
how the situation stands. I would very much like to have the opportunity of explaining our costs 
and possibilities in an interview, either with yourself or with Dr. Stansfield, as my company is 
interested in doing everything possible to establish the industry of electric smelting, and any informa- 
tion which we have will be at your disposal. ; ae 


I am, dear Sir, 
Yours very truly, 


WESTERN POWER COMPANY OF CANADA, LIMITED. 
(Signed.) R. F. Haywarp, 
“= General Manager. 


CANADIAN COLLIERIES (DUNSMUIR), LIMITED, : 
Victoria, B.C., June 21st, 1918. 
Hon. Wm. Sloan, 
Minister of Mines, Victoria, B.C. 


: DEAR Srr,—Replying to your letter of June 5th re information required re electric iron-smelting 
inquiry: 

In reply to your question No. 1, we have developed on the Puntledge river about 10,000 horse- 
power, composed of two units of 5,000 horse-power each. One unit is about working to its capacity, 
the second being kept in reserve. We would not be able to supply anything like the power you 
mention without adding further units. The plant is partly developed for another 10,000 horse-power, 
which would be the total capacity of the plant owing to the volume of water that can be taken out 
of Comox lake. 
: I would be glad some time at your convenience to discuss the power situation with you with 

a view to any iron-development taking over the power plant as a whole and our installing individual 
steam plants at each mine. 


Yours truly, 


(Signed.) J. M. Savaanr, 
General Manager. 


THe West Kootenay Power AND Licut Co., Ltp., 
ROSSLAND, B.C., June 12th, 1918. 
Hon. Wm. Sloan, ean 
Minister of Mines, Victoria, B.C. 


: DEAR Mr. SLoAN,—I beg to acknowledge receipt of yours of the 7th re power-supply for electric | 
urnaces. ; 

At present our developed power is all contracted for, and to supply 15,000 horse-power it would 
be necessary to extend our hydro-electric plant at Bonnington, and for your information would state 
that we would be able to supply up to 50,000 horse-power. 

It will take some time to prepare an estimate as to the cost of developing the power required, 
and before starting on this I would be very pleased to meet Dr. Alfred Stansfield in order to get 
further information. In other words, if it so worked out that power could be used at the point of | 
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development, then we would be in a position to quote a lower price than if we were called upon to 
transmit at any distance, and it appears to me that if you could arrange a meeting it would place 
me in a very much better position to comply with your request. 


Yours very truly, 


WEST Kootenay PoOwER AND LicHr Co., Ltp. 
(Signed.) L. C. CAMPBELL, 
General Manager: 


During my visit to British Columbia I had interviews on this subject with Mr. George Kidd 
and other officials of the British Columbia Electric Railway Company; with Mr. R. F. Hayward, 
General Manager of the Western Power Company; and with Mr. J. M. Savage, General Manager 
of the Canadian Collieries, Limited. In view of the necessity of locating the proposed plant on 
or near tide-water, it was not worth while to discuss the possibility of obtaining power from the 
West Kootenay Power Company. 5 

The information obtained verbally from the above-mentioned officials was substantially as 
follows :— : 

The Western Power Company have some unused electric power, but this has been contracted 
to the British Columbia Hlectric Railway Company. If this contract could be set aside, the 
former company might be able to supply aS much as 15,000 horse-power, at a rate of, say, $15, 
for a few years until it was needed for better-paying purposes. On the other hand, the British 
Columbia Electric Railway Company might be willing themselves to resell this block of power 
for electric smelting. Although the development expenses of these companies have undoubtedly 
been high, they could apparently make a reasonable profit by the sale of power at $15. As, 
however, their usual sale price is not less than $25, it would not pay them to tie up power at 
$15 which they might be able in a year or two to Sell at $25. This argument would not hold 
in normal times, because they could develop some of their reserve power to supply the growing 
market; but at the present time it is very undesirable to have to undertake any fresh develop- 
ment, and the power companies naturally wish to sell their developed power to the best advantage. 

It may be noted that $25 a horse-power year probably refers to an 80-per-cent. load factor, 
under which conditions the cost is substantially 0.5 cent per kilowatt-hour. Under regular 
working conditions an electric-smelting plant should use about 90 per cent. of its maximum 
load, and $25 power would then cost about 0.43 cent per kilowatt-hour, or, conversely, 0.5-cent 
power would represent nearly $80 a horse-power year. - 

The British Columbia Electric Railway Company have some unused power on Vancouver 
island, but the amount is less than they have on the mainland, and the supply on the island is 
less dependable owing to the danger of dry seasons. 

The Canadian Collieries, Limited, have a water-power on the Puntledge river of which 
10,000 horse-power has already been developed, and a further 10,000 horse-power is available 
for development. Of the 10,000 horse-power now developed, some 5,000 horse-power is employed 
at the mines, leaving only 5,000 horse-power unused. The management are considering the use 
of steam-power at the mines in place of electrical power on account of its greater reliability 
and its small cost, using coal from the mine. It is therefore possible that, if they could obtain 
a market for the 10,000 horse-power now developed, they might decide to make the above change. 
I have at present no information with regard to the price at which they would be willing to 
sell this power. Such an arrangement would afford an immediate supply of 10,000 horse-power, 
and an additional 10,000 horse-power when development-work again becomes possible. 

As it appeared that the surplus developed power of the Western Power Company was con- 
trolled by the British Columbia Electric Railway Company, I discussed the situation fully with 
Mr. George Kidd, of the latter company, and wrote him the following letter :— 


VANCOUVER, B.C., June 18th, 1918. 


Dear Mr. Kipp,—I have been appointed, as you are aware, by the Provincial Government to 
obtain information in regard to the commercial possibility of smelting the magnetite ores of British 
Columbia by means of electrical power, and for this purpose I should be greatly obliged if you could 
furnish me with information with regard to the amount and cost of electrical power which it would 
be possible for your company to place at the disposal of any firm undertaking such operations. 

In the smelting of iron ore by electrical energy, the amount of power needed per ton of pig-iron 
is somewhat high, being in the order of 0.4 electrical-horse-power year, and it is therefore necessary, 
in order to produce pig-iron commercially, that the cost of this power shall be as low as possible, and 
shall be considerably below the prices at which such power is sold for mechanical use. 


a An 
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Speaking from memory, the cost of power’ in Sweden, which is the only locality in which the 
electric smelting of iron ores has become a commercial fact, is below $10 per electrical-horse-power ae 
year, but it seems reasonable to suppose that in this Province, in view of the higher price of pig- — Me 
iron and supplies generally, a somewhat higher figure would not be out of the question, say as high 
as $15 per horse-power year, I understand that you could not offer a figure so low as that under. 
ordinary commercial conditions, but only by some special arrangement, as surplus power which you 
would not guarantee to supply for any definite length of time. ; 

My impression with regard to the development of such a project would be that a furnace using 
perhaps 2,000 kw. would first be installed, and that after the experimental stage larger furnaces 
would be put in so as to use 5,000 or 6,000 horse-power, with the expectation of increasing the con- 
sumption to about 10,000 horse-power, or possibly as much as 15,000 horse-power. At the latter 
figure the production of pig-iron would be about 100 tons per day, which is, I believe, as much as _ 
would be needed in the near future in this locality. : 

For the commercial smelting of iron ores electrically it will undoubtedly be desirable to locate 
the plant ultimately at some point remote from a large city, where the power could be developed 
specially for this purpose at the cheapest rate and without any cost for transmission. In view, 
however, of the fact that the electric smelting of iron ore has not reached its final condition in ~ 
regard to details of furnace-construction, and possibly even in more fundamental respects, it seems 
undesirable in the start to undertake a new development of power for this purpose, and the more ~ 
satisfactory method appears to be to obtain power from your own or other developed system for a — 
period of, say, four or five years, with the intention of obtaining a fresh source of power and ~ 
rebuilding the plant at the end of that period. . 

With respect to the details of the supply, I may say that the load factor for electric iron- 
smelting purposes has been very satisfactory, and would probably be as high as 90 per cent. after the 
initial difficulties of a new plant had been overcome. I have no definite information with respect to 
the possibility of modifying the demand so as to avoid the peak-load of a distributing system, but in 
my gpinion this would be possible, so that, for example, if the furnaces were using 10,000 horse-power 
the draught could be reduced to perhaps two-thirds of this amount during three or four hours of the 
day during the peak-load. It would be possible, further, to run a larger number of furnaces during 
the winter months, when your water-supply was ample, than in the summer months, when there 
might be a shortage of water, but this would, of course, reduce the output from a given cost of 
electrical installation. 

The power factor of these furnaces has been found to be very high in Sweden, where the 
supply is one of 25 cycles, but in California, using a 60-cycle supply, the power factor of the furnace 
has been found to vary from nearly unity when the furnace is empty to as low as 65 per cent. when 
the furnace is ready for tapping. I should think, however, that if special attention were paid to this 
side of the design of furnace, it could be made to keep the power factor above 80 per cent. at all 
times. 

With respect to the voltage of the supply, I may point out that in these furnaces the regula- 
tion is effected by a series of taps on the primary of the service transformers, there being usually 
three such transformers for each furnace which are independently regulated. On account of this the 
transformers are of special design, and the primary veltage would not be more than about 10,000, 
and preferably in the order of 2,000. oe 

With regard to the location of an electric-smelting plant, I cannot speak at all definitely, but 
as a basis for discussion it would be satisfactory for you to take the site at Port Moody, adjacent 
to the present electric-furnace plant. 5 

Further, with regard to the date at which the use of power might be expected to commence, it 
will require a month or two for the completion of this report and for the Government to study it, 
after which, if action were decided on immediately, I understand that in view of the difficulty of 
obtaining electrical supplies it would be necessary to allow as long as twelve months for the con- 
struction of the plant, which would thus place the possible start of operations in the fall of 1919. ~~ 

I believe that the above will give you the more essential facts with regard to the possible use of 
electric power for smelting iron ores. I expect in the course of a week or ten days to be back in 
Vancouver, and will then be able to give you further information in view of the conditions which I 
expect to find in California. I should be very glad if in the meantime you could draw up some 
memorandum which would give me information in regard to the price and amount of power which 


om se available for this purpose and any available particulars with regard to the conditions of 
the supply. sae 


‘ 


I remain, 
Yours very truly, 

(Signed.) ALFRED STANSFIELD. 

In view of the fundamental importance of the information asked for,-I was hoping to receive 
a reply before leaving British Columbia. On returning from California early in July, I found 
that no reply had been prepared, and that the street-railway strike would make it impossible 
for the company to supply the information in the near future. I was therefore obliged to prepare 
my report without any definite information in regard to the price at which power could be 
obtained. Under the circumstances, I made the provisional assumption that some 10,000 kw: 
of electrical power could be obtained at a cost of $15 per electrical-horse-power year of about - 
85 or 80 per cent. load factor. 
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: On September 19th, when’ my report was nearly completed, I received the following letter 
from Mr. George Kidd :— 


British CoLUMBIA ELEcTRic RaiLway ‘Co., Lop., 
VANCOUVER, B.C., September 12th, 1918. 
Dr. Alfred Stansfield, . 
Department of Metallurgy, : 
McGill University, Montreal. : 


DEAR Sir: 
Electric Smelting of Iron Ores. 


With reference to your recent visit to this Proyince and in regard to the information then 

promised you respecting the supply of electric power available in the districts served by this company 

_on the mainland and Vancouver island for the purpose of smelting iron ores, I regret that there has 
been unavoidable delay in submitting this data at an earlier date. 

Mainland (Vancouver and Districts) —Since our representatives discussed with you the power 
Situation there has been a very considerable change in local conditions, caused by contracts having 
been entered into disposing of our excess electrical energy on a surplus-power basis. Any contracts 
entered into would not, therefore, have to be made on a commercial-rate basis. : 

We would be willing to enter into short-term contracts to furnish power from 2,000 to 10,000 
kw. for restricted service during this company’s peak-load periods from its water-power plants at a 
tate of 0.5 cent per kilowatt-hour, based on a power factor of 80 per cent. Should the average 
monthly power factor fall below 80 per cent., then this rate.of 0.5 cent per kilowatt-hour would be 
increased in the ratio of 80 to the actual average monthly power factor at which the furnace is 
operated. The minimum charge would be 50 cents per month per connected horse-power, based on 
the full capacity of the furnace installation. 

There are two sites on the east shore of Burrard inlet which may prove suitable for an electric 
iron-ore-smelting plant. One of these is at a distance of half a mile north of No. 1 Power-house; 
the other is about five miles south of No. 1 Power-house, in the vicinity of Bidwell bay. There is no 
data available regarding the areas of vacant land at these places, and it is impossible to say whether 
sufficient level ground could be obtained. 

The site half a mile north of No. 1 Power-house would be most suitable from the power-supply 
standpoint, and would involve the construction of only half a mile of transmission-line. 

: The Port Moody location, referred to by you, would be satisfactory from a rail-transportation 
point of yiew, and by the time an electric-smelting plant would be ready for operation we would 
probably arrange to supply the necessary power at that point. 

Vancouver Island (Victoria and District).—On Vancouver island we have at present an excess 
of power of about 2,000 kw. which we are prepared to dispose of on a surplus-péwer basis at $15 
per electrical-horse-power year, in “blocks of not less than 500 kw. and the power factor to be not 
less than 80 per cent. ‘This figure is not a commercial rate, but an experimental rate, and could 
only be granted for a short-term contract, and, of course, subject to peak-load restrictions and depend- 
ing upon the amount of storage-water which we may have available in our reservoirs during the dry 
season. 

_ This amount of power could not be reserved, and would only be available after the filling of all 
requirements for electrical energy for the company’s use and those of its present and future 
customers. 

_ In respect to available sites on the island, there are several which may be found suitable. One 
at Jordan river, near our power plant; another at Brentwood, on the Saanich peninsula, adjacent 
to our steam auxiliary power plant. Other sites might be found at Sooke harbour or near Esquimalt. 

Covering both the mainland and island systems, 3-phase, 60-cycle, alternating current would be 
supplied at or near our existing transmission-lines, which are of sufficient capacity to supply the 
furnace plant; the transmission-line voltage would be 34,600 or 11,000, depending upon the location 
on the mainland, and 60,000 volts on the island. 

I trust the above will generally cover the information desired, and should there be any further 
particulars needed we shall be very glad to supply same upon hearing from you in this matter. 

‘ Yours faithfully, 
(Signed.) GEORGE Kipp, 
General Manager. 


Before leaving British Columbia I wrote the following letter, at present unanswered, with 
a view to obtaining further information about the supply of power from the Canadian Collieries, 
Limited :— 

VicroriA, B.C., July 9th, 1918. 
Honourable William Sloan, 

Minister of Mines, Victoria, B.C. ' 

Srr,—In the letter to yourself of June 21st from the Canadian Collieries with regard to power 
for electric smelting, Mr. Savage states that he might be willing to install steam plants at each of 
his mines and to turn over the whole of the hydro-electric power for the purpose of iron-smelting. 
This would apparently supply 10,000 horse-power already developed, with a further 10,000 horse-power 
“now partly developed. 


~ 


. 
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I should be glad to learn, for the purpose of my report, at about what price per horse-power year 
of 80 per cent. load factor he would be able to supply these blocks of 10,000 or 20,000 horse-power for 
the purpose of electric iron-smelting at a point on tide-water in Comox harbour or Baynes sound. 

I regret that owing to Mr. Savage’s absence from the city I have not been able to discuss these 


matters with him personally. 
I have the honour to be, 


Sir, +i 
Your obedient servant, BETES 
(Signed.) ALFRED STANSFIELD. Sah 


With a view to the future development of the electric-smelting industry, I obtained informa- 
tion with regard to water-powers in British Columbia that could be developed for the purpose ci 
electric smelting. In general, it appeared that there was ample power available, and that some 
of these powers could be developed so cheaply as to yield electric power for smelting purposes __ 
at about $10 per continuous horse-power year. Mr. H. K. Dutcher, of Vancouver, considered 
that the following powers could be developed at about that cost :— 


Horse-power. 


Campbell selviel (e.aem ws sal. oebegenetcocte meme cacas! «ore eo thelr neer ra ks Raat Bree cmemsle 100,000 
Gheakamus: river, ELOWE. SOUM = seicisaee s+ ste ote eoacesl seats olrewslodsaaiee ceeaeire eae . 200,000 
Stamp talss A Ler oy icy ceete etek eet Seeee ase Sali sneer gene eee ea 40,000 geet 


Mr. William Young, Comptroller of Water Rights, Victoria, gave me the following particulars © 


with regard to the Campbell River and Stamp Falls power-sites :— eee 


> 


MEMORANDUM RE CAMPBELI. RIVER POWER-SITE. 


The drainage area is approximately 520 square miles; no definite precipitation data are ayail-_ 
able, but the British Columbia Hydrometric Survey report a variation from 80 inches at the mouth 
to 150 inches at headwaters. 

Gore & McGregor’s second report proposes the erection of a dam at Irene pool, mean water-level 
at this place being 415 feet; the power-house to be situated om the canyon, .with an assumed flood- 
level of 98 feet. ‘The proposed elevation of the dam is 440 feet, giving a head of 342 feet. 

A constant discharge of 2,700 efs. is assumed, calculated to develop 78,000 to 80,000 horse- — — 
power, with another 6,000 horse-power by storage. ‘This discharge is, however, too high, as the mean 
over six years is 2,650 c.f.s., with a minimum of 450 cf.s., and one low-water period of nine weeks 
below 1.000 c.f.s. On the Strathcona survey map, tracing of part of which is’ attached, the level of 
Lower Campbell lake and Mclvor lake is given as 543 feet. = 


Stamp Falls. Development—Summary of Report by Ritchie-Agnew Power Co., Ltd. 


TDPAVMA SEs BTCA M se Soya seca aoe Sito kee ee ee Roan 360 sq. miles. ‘ 
Results of seven months’ gaugings, continuous flow available ..2,894 cu.-sec. feet. 
Estimated run-off per square mile of drainage area .......... 6 cu.-see. feet. 
Estimated storage per square mile of drainage area from short 

WIASS) Ia ST AMY ©. 5. oSians: o5.ac5, «Salle ace nisin a cee ee ee 716 acre-feet. 
Hstimated mean annual Tun-Oil si cieyss coe eeeeene eee eee .2,160 cu.-sec. feet. ¥ 


Storage available on Great Central lake, dam 20 feet high .....307,200 acre-feet, or 
853 acre-feet per 
sq. mile of drain- 


age area. 
Pipe-lines, three 11 feet diameter and one 7 feet 6 inches : 
ONE Gali: eee RMN 95 oP ERPIB ME Fc SR crc nhs Ge oro u too ...600 feet long. 7 
Intake dam, crest length ........ IN a ees, SEE Sry Cen ete hy 605 feet, 
Maximum: Height ‘s.00 -jcereesr.tevss enn 6... eee tee ot eee eee Ne era cers .90 feet. : 
Meéan: .effectiveheadi...::s atest aemeaeee Oe ee Seite cuca 110 feet. i 
Power available based on 60 per cent. load factor, 80 per cent. 
efficiency factor x. Ai pecans oe no ee ae ee cae eee ee . 35,000 horse-power. 
Proposed-anstallation, three units’... sees « cena cities Peston tne 10,000 horse-power ; 
: 5,600 kw. ee 
Proposed ‘installation, ore nit sn.) ee os en ene meee eens . 5,000 horse-power ; ee 
3,000 kw. ‘ 
Transmission-lines to Alberni, seven miles ............ Sane eek, OOOL OFS i 
Transmission-lines to Nanaimo, sixty miles ................ . 66,000 volts. m 


The Stamp Falls power is estimated at 35,000 horse-power- on a basis of 60 per cent. load — 
factor. As, however, an electric-smelting plant would operate at 85 per cent. or even 90 per cent. 
load factor, this will only correspond to about 24,000 horse-power or 18,000 kw. Such a power 
could be developed and utilized entirely for electric smelting. The plant could be located at or 
near Port Alberni, with a seven-mile transmission-line, and could obtain iron ores from the — 
deposits around Barkley sound, from Nootka sound, and from the Renfrew district. An alterna- — 
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tive plan would be to transmit the power about fourteen miles to Deep bay, ‘on the east coast 
of the island, where ores could be obtained readily from Texada island and Redonda island. 

The Campbell River estimate indicates about 84,000 continuous horse-power, or 100,000 horse- 
power, at 84 per cent. load factor. This would be more than could be utilized for electric 
smelting in the near future, and it would be necessary to develop it for use in part by some other 
large consumer of electric power. An electric smelter placed on tide-water within a short distance 
of the proposed power-house would be supplied with ore very readily from Redonda island, and 
also from the deposits No. 4 and No. 5 in the Quinsam Lake district. 

The water-power available on the Cheakamus river is estimated at 200,000 horse-power, 
which is twice as large as the Campbell River power, and would need development in conjunction 
with other power-users. It is not situated so conveniently with regard to the ore-supplies as the 
powers on Vancouver island, and it may ultimately be needed for the development of Vancouver 
City. : 

With regard to the general estimate that these water-powers would yield electric power for 
smelting at about $10 a continuous horse-power year, it will be understood that such development 
would be out of the question at the present time in view of the high cost of labour and supplies 
and the difficulty of obtaining apparatus. In view of the present unsettled state of labour, it 
is useless to try to predict how long it may be before these costs become low enough to permit 
of economic construction, or whether costs will ever again revert to pre-war levels. It seems 
probable, however, that within a few years after the termination of the war, wages and costs in 
general will arrive at some more settled condition; and even if these are twice as high as before 
the war, that will not prevent construction-work, as the price of commodities generally will also 
. be much higher than before the war and will tend to assume a definite relationship to the 
enhanced cost of labour and supplies. 

The bearing of this consideration on the electric smelting of iron ores in British Columbia 
may be stated as follows: Before the war with electric power at $10, and other costs as they 
were then, the cost of a ton of electric pig-iron, using the Swedish process, would be between 
$20 and $25, leaving only a small profit, as pig-iron was selling at $25, unless a higher price could 
have been obtained for electric pig-iron. If, after the war, prices were to settle down at double 
the pre-war figures, electric power would cost $20 and pig-iron would bring $50, while labour 
would be about as high as at present. The cost of making electric pig-iron might be about $45, 
leaving the same proportionate profit as before the war. The reason which makes electric 
pig-iron making profitable at the present time is the temporary dislocation of prices during which 
the cost of pig-iron and steel has risen more rapidly than the cost of power, labour, and other 
supplies. 

In regard to the cost of power for electric smelting, it may be pointed out that in developing 
a power for this purpose the turbines and electrical machinery will cost less per kilowatt-hour 
utilized than in the ease of a power plant for ordinary power-users. This is because the load 
from a smelting plant can be kept almost constant for twenty-four hours daily and 365 days in 
the year, whereas an ordinary plant has to supply a very varying load, and so the machinery 
is not used to the best advantage. It follows that electrical power for smelting purposes can 
be developed to cost considerably less per kilowatt-hour than when developed for ordinary use. 


APPENDIX V. 


THE SUPPLY OF CARBONACEOUS REDUCING MATERIALS. 


In the electric smelting of iron ores, carbonaceous material is needed for reducing the ore 
to the metallic state and for supplying carbon to the pig-iron. The amount neéded varies from 
about 14 to % ton per ton of pig-iron produced. For this purpose either charcoal or coke may 
be used, but charcoal is. preferable on account of its greater purity—that is, freedom from 
sulphur and ash—and because its physical condition renders it more suitable for electric-furnace 
operation. For the production of special grades of pig-iron charcoal would always be preferred, 
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but for ordinary grades a good quality of coke, if obtainable at a low price, might be employed 
on account of its smaller cost. In British Columbia, however, nearly all the coals are abnormally 
high in sulphur and ash, and the cost of coke produced from them is so high that there is no 
inducement to use it instead of charcoal in a country where timber is so abundant. While, — 
however, charcoal should be regarded as the normal supply of reducing carbon, coke can be | 
used to some extent in admixture with charcoal as a substitute without seriously affecting the 
operation of the furnace, and it can be used in this way in case of shortage of charcoal. 

There is at present no large-scale production of charcoal in British Columbia, and the small 
quantities now obtainable cost in the order of $30 a ton, a price which would be prohibitive for 
iron-smelting. The production of 20 or 80 tons of charcoal daily constitutes an important 
industry, utilizing 50 to 70 cords of mill-waste and yielding by-products that will meet a 
part of the cost of operation. The problems involved are many and complicated, and before 
discussing them in detail it may be stated: (1) That the mill-waste of Douglas fir should be 
suitable for the production of charcoal for electric smelting; (2) that while the lumber-mills 
in and near Vancouver utilize their waste very largely, there are mills situated at more remote 
points from which an adequate supply of waste could be obtained at a nominal cost;. (8) that 
the by-products from this material are not so valuable as to make it desirable to treat the 
wood in retorts for the recovery of turpentine, etc., regarding the charcoal as a by-product, but 
that it should be possible to char the wood on a large scale for the production of charcoal and 
still to recover a part of the by-products; such a plant would be located at or near one or more 
sawmills, and the charcoal would be transported by water to the smelting plant; (4) if a 
charcoal industry were established in suitable relationship to the lumber industry, charcoal 
should be produced and delivered to the smelter at a cost of about $6 or $8 per ton, cece Ae 
to $3 or $4 per long ton of pig-iron. \ ) 

An electric iron-smelting industry in British Columbia will almost certainly use charcoal, 
wholly or in large part, for the reduction of the iron ore. The establishment on an economical 
basis of a charcoal-making industry will therefore be essential to the commercial production of 
electric pig-iron. 

METHODS OF CHARCOAL-MAKING. : “Soa 


Charcoal is used in some parts of the world for the production of “ charcoal-iron” in small 
blast-furnaces. In general, hard woods are preferred for making this charcoal, because the 
resulting charcoal is stronger and better able to stand the load in the furnace without crushing, 
and-because hard woods yield more valuable by-products in their distillation, which meet to a 
considerable extent the cost of the operation. d 

For the electric smelting of iron*ores the strength of the charcoal is less important, because 
the height of the Shaft is less, even in the Swedish furnace, and because, unlike the blast- furnace, 
no blast of air need be forced through the charge, although in the Swedish furnace there is a 
circulation of the furnace gases. 

In Sweden the charcoal for electric smelting (as well as for blast-furnaces) — “made oe 
soft wood, and the charcoal-making is carried on at numerous points throughout the country, 
using in part the waste wood from the lumbering industries. 

BE. Arosenius (International Institute of Agriculture, Rome, January, 1918) gives some 
particulars of the Swedish charcoal industry. He states that the raw materials used in Swedish > 
sawmills are soft woods, mainly Seotch pine and spruce. He estimates as follows the production 
and uses of charcoal in Sweden during 1913 :-— 


Bushels. 
Forest? wood: charred: in ovens’ ji =...) 2os. + eee ee ee eee 8,000,000 
Wood-waste charred, in.piles ns. 05 c. . eee eee ee 29,000,000 
Wood-waste- charred inkovyens «i; .2y ars 11 oe ee ee 1,300,000 . 
Forest wood charred .in ‘piles »(about) a... aaa eee ee 75,500,000 
Charcoal imported from Finland and Norway .............+.++-e 8,300,000 — 
Charcoal used in metallurgical works .......:....<.-...s-. PAD 117,800,000 ~ 


For rough purposes we may assume a bushel of charcoal to weigh 20 lb., so that the con- 
sumption in Sweden must be over 1,000,000 tons. If this were all used in electric smelting it — 
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would represent a production of at least 2,000,000 tons of pig-iron. Actually, however, a large 
proportion is still employed in charcoal blast-furnaces and in the production of wrought iron, 
for which purposes the consumption of charcoal per ton of iron is much larger. 

I have not been able, in the time available, to obtain full particulars of Swedish charcoal- 
“making, but I would recommend that such information should be obtained before deciding on 
the methods to be used in British Columbia. 

In the Coast districts of British Columbia the largest production of any variety of timber 
is the Douglas fir. In 1917 some 676,000,000 board-feet of this wood was cut in these districts. 
The Douglas fir appears to be suitable for the production of charcoal, and I have, for my own 
information, made a small amount of satisfactory charcoal from a sample of this wood. 

Apart from the use of “ piles,’ which we need searcely consider, charcoal is made in “ kilns,” 
in “retorts,” and in “ ovens.” 

Kilns.—These are large brick structures holding as much as 50 cords of wood. The heat 
needed is furnished by the combustion, within the kiln, of part of the volatile products and a 
little of the charcoal itself. A part of the by-products can be recovered, the loss of charcoal is 
not very great, and this is probably the cheapest method of making charcoal in cases where the 

_ by-products are of secondary importance. 

Retorts——These are small, expensive to operate, and only warranted when large amounts 
of valuable by-products are obtainable. : 

Ovens.—These are large retorts. The wood to be charred is contained in cars which are 
run into the ovens, and after the operation the ears, which now contain the charcoal, are run 
out and placed in large steel boxes where they can cool out of contact with the air. The ovens 
are heated externally by: means of waste wood and the distillation gases. Ovens give a maximum 
production of the volatile by-products and the charcoal, and are largely used for charring hard 
wood. . 
In the charring of hard woods, such as beech, birch, and maple, considerable amounts of 
valuable by-products are obtained. These are wood-alcohol, acetate of lime, and tar. At the 
present time the value of these products is greater than that of the charcoal, and it pays to treat 
such woods in ovens in order to obtain the by-products. The soft woods have different distilla- 
tion products, and it does not always pay to char them in ovens. Some of these, such as the 
long-leaf pine, yield considerable amounts of turpentine, pine-oils,.and tar, while the production 
of alcohol and acetic acid is usually too small to pay for their recovery. The following is an 
average yield from 1 cord of pine-wood (United States Department of Agriculture, Forest Service 
Circular 114, 1907) :— 


ES ALIN ae tsld Io WEIN Oeinn ate te amon Perea dodeun ch sce tetld ae certeizerisnjetayotsie ie \eucinatl '<'«: smaye, ates 7-12 gallons. 
PLS Ofer Od Sg Tate LUT CLIN Deb AT ereu terewe iaase shal oc etereens) otsiivayaheyestencifete a Cage Ee Pe 50-75 45 
QDEWE. ie See of Bip, BAe Rees oer ee URS Os Totton inn han BPRS ear aa ee me 40-60 as 
CW SHEERS Sethe, Do AS Ok Soe DRGs ent ee eM eae 25-35 bushels. 


The turpentine is of inferior quality and the operation has often been unsuccessful 


commercially. 

In British Columbia the Douglas fir is the wood that would probably be used for charcoal- 
making. Tests have been made on the production of turpentine and pine-oils from this timber, 
and by the use of selected resinous material considerable quantities of these products have been 
‘obtained, both by the ordinary charring process and by steam distillation—the latter being prefer- 
able for the production of turpentine and oils. The latter process has appeared particularly 
attractive because the oils have been found to be suitable for use in the flotation process. 
Careful investigation has shown, however, that the yield of these by-products from the average 
run of Douglas fir is so much less than is obtained from the southern pines that the process 
holds out little hope of commercial success. In view of this it would seem best to char the wood 

in the cheapest possible manner for the production of charcoal, and either to ignore the by- 
products altogether, or to save only such as could be obtained at slight additional expense. 

Reference may be made to a paper on the “Destructive Distillation of Fir Waste,” by 
George M. Hunt, of the Forest Products Laboratory of the United States Department of Agricul- 
ture, Madison, Wisconsin. The paper deals specially with the yields of valuable products obtained 
by the distillation of Douglas fir. ‘The following is the result of a series of experiments on the 


destructive distillation of mill-waste :— 


‘2 
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Table I—Average Yields of Valuable Products per Cord of 3,800 Lb. of Douglas Fir Mill-waste. — "y 


pes 
80° per ~ 
80 per e 
ceria Mb - Oth Cent. F Separator 2 
District. tage Oils. Re Acetate of Still Tar. Tar. Charcoal es 
| = 
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Average for State} 07° | 3.5 4.3 81.1 11.5 18.7 1,102 


The yield of turpentine and other oils is far less than is obtained from the southern pines, 


and the combined value of the by-products is too small to warrant the use of the expensive retort: sae 


or oven process for their recovery. Mr. Hunt states :— 


“Tn the destructive distillation of Douglas fir the value of the charcoal obtained will ne Bie 


more than the value of all the other products combined. Good charcoal, however, can be 
produced by burning in kilns and allowing the by-products to go to waste. The simplicity of 
a charcoal-kiln and the large units which may be employed make its first cost and subsequent 
operation much cheaper than the operation of a complete distilling and refining plant, and, © 
unless the value of the extra products obtained at a complete plant is greater than the additional 
cost of operation, there is no advantage whatever in saving them. The yields obtained in these 
experiments do not show that there is any advantage.” 

He draws the following conclusions :— 

“(1.) The steam and extraction process is not applicable to Douglas fir on account of the 
very low yield of turpentine and resin and the inferior quality of the latter. : ; 

“(2.) The utilization of Douglas fir stumps by destructive distillation is at present imprac- 
ticable on account of of low yields and high cost of handling the raw material. The yields are 
practically the same as from mill-waste, which can be more readily obtained and more cheaply 

handled. 

“(3.) The utilization of Douglas fir mill-waste by distillation has not in the past proved — 
successful, and under. present market conditions, and with the methods of distilling and refining ~ 
now in use, it is of doubtful feasibility :— 

“(a.) Because the yields are, on the whole, considerably lower than those of the 
southern pine and Norway pine, which are hard to distil at a profit: 28 


“(>.) Because the products have not been standardized and successfully refined, end - 


are hard to sell: 
“(¢c.) Because there is only a limited market on the whole Pacific coast for moore 
distillation products.” 

It will be seen from Table I. that a cord of mill-waste, weighing 3,800 Ib. yields about 
1,100 1b. of charcoal when treated in a retort. The yield in a kiln would be slightly less than 
this, but it seems safe to assume that 2% cords of such waste would suffice for the gigas 
of a net ton of charcoal. 

The regular charcoal-kiln is a circular brick structure holding about 50 cords of wood. It 
is charged and discharged by hand, and the volatile by-products are partly saved by being drawn 
through condensers; the permanent gases being returned and burnt in the kiln. Ifa battery 
of these kilns were Eetahlimied at a large lumber-mill so that the waste wood could be delivered ; 
mechanically to the kilns, the production of a ton of charcoal might cost :— 


24 eOrds-of mill-wastevaie Slee somo eS cc ee ee ree es pai) 

Labour and other expenses of operation after deducting the value of the 
byproducts: oss se oreh eeeemen “Wi yecelithoyehgy aveeie aa aumcals costo atch ghee eno 2 50 
Carriage of charcoaldOsemelten a. «mies cca coe Pee: OA cing aes as 1°00 
Motal 3 E55 acussb cys Te eo ea ee eae eer Oe $6 00 


For the electric-smelting plant about 40 tons of charcoal would be needed daily. Bach kiln 
would yield 20 tons, but as the process is slow, requiring about fifteen days, some thirty kilns 
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would be needed. The consumption of mill-waste would be about 100 cords daily. The lumber- 
mills in Vancouver are able to dispose of their waste as firewood in the city, but it seems reason- 
ably probable that an adequate supply could be obtained at a nominal price by locating at one or 
two mills away from the city. In regard to mill-waste, it should be remembered that a large 
part of this is “ slab-wood,”’ and this consists largely of bark, which yields an inferior charcoal. 
I made some charcoal from Douglas fir bark and found that the chareoal, although light and 
weak, was coherent, and could probably be used for electric smelting in the open-pit type of 
furnace in admixture with wood charcoal. The wood charcoal is extremely pure, containing 
scarcely any ash, but the bark charcoal from my experiment contained as much as 3 per cent. 


-of ash. ‘This probably indicates an appreciable amount of phosphorus, which would be undesir- 


able when smelting for low-phosphorus pig-iron. 

' For the economical charring of mill-waste it seems likely that a kiln could be devised that 
would allow of mechanical charging and discharging, and thus reduce the charge for labour, 
which must be the largest item in the cost of charcoal-making. I have given some attention 
to the design of such a kiln, but realize that numerous problems are involved, and that much 
experimental work would be needed before a full-sized kiln could be constructed. The recovery 
of by-products can be effected very economically by the use of the Cottrell electrical-precipitation 
process. Dr. J. G. Davidson has made a special study of this, and expects to continue his 
experiments at the plant of the Electrical Turpentine Syndicate in Vancouver? 

One recent process for the production of charcoal is that of W. Thomas, which depends on 
forcing heated distillation gases through the charge of wood. I met Mr. Thomas and visited 
his plant in Nanaimo, but he had not at that time any information on which I could base a 
conclusion in regard to the cost at which he could make charcoal. Messrs. McPherson and 
Fullerton Bros. have, however, carried out a preliminary. test with this process, and have sent 
me figures from which I conclude that if mill-waste could be supplied at $1 a cord, charcoal 
could be made at a cost of about $6 per net ton. 

In regard to the possibility of establishing an electric-smelting plant in some more remote 
location, such as the Campbell river, and in view of the difficulty and expense of carrying so 
bulky and fragile a material as charcoal, it might be necessary to cut timber specially for 
eharcoal-making near the plant. Such timber felled, carried to the charcoal plant, and cut into 
pieces of suitable size would be likely to cost at least $3 a cord, and allowing 2% cords per ton 
of charcoal, the wood alone would cost $7.50. Taking the net cost of charring as $2.50, after 
allowing for the value of the by-products, the final cost of a net ton of charcoal would be $10. 


CHARCOAL CONSUMPTION PER TON OF PIG-IRON. 


For the production of pig-iron in the electric furnace, I estimate on a consumption of 0.4 net 
ton in the Swedish furnace, or 0.5 net ton in the open-pit furnace, per gross ton of pig-iron. In 


- view of the statement, frequently made, that only 144 ton of charcoal is needed, I may explain 


why the higher estimate should be accepted. 

fen Tt sis recognized that in the open electric furnace reduction of iron oxide is effected substan- 
tially by means of carbon, with the liberation of carbon monoxide, which burns above the charge 
and is wasted. Theoretically, 1 ton of foundry pig-iron will need 0.269 ton of carbon for its 
reduction from magnetite and about 0.035 ton for its carburization, assuming it to contain 
3.5 per cent. of carbon. It will also need 0.026 ton of carbon for the reduction of 8 per cent. 
of silicon. The combined carbon requirement will thus be 0.33 ton per ton of pig-iron. On 
account of the well-known purity of wood charcoal, it is often assumed that it contains at least 
90 per cent. of carbon, and that some ‘0.38 ton of charcoal will be sufficient per ton of pig-iron. 
Actually, however, charcoal contains from 70 to 75 per cent. of fixed carbon; the average over a 
long pericd in Sweden being 73 per cent.; the balance being volatile matter and moisture, and accor- 
dingly some 0.44 to 0.47 ton of charcoal must be provided. In view of the custom of weighing 
iron by the long ton and charcoal by the short ton, it appears that % net ton of charcoal will 
be required. There is, indeed, a small amount of reduction by carbon monoxide, even in the 
open ‘furnace, but this will be balanced by the combustion of charcoal at the top of the furnace 
and the other mechanical losses. Assuming that 5 per cent. of the carbon monoxide is utilized 
in the open furnace and 25 per cent. in the Swedish furnace, we find that 0.4 net ton of charcoal 
should be enough in the latter type of furnace. Mr. Gronwall, in his estimate, quoted in my 
report on “ Hlectrothermic Smelting of Iron Ores in Sweden,” allows 0.870 metric ton of charcoal 
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per metric ton of foundry iron, and this would be 0.414 net ton per long ton of pig-iron. It will 
be seen, therefore, that my estimate is supported both by theoretical calculations and by the 
results of practice in Sweden. 

I place here an account of my experimental production of charcoal from Douglas fir mid 
of my investigation of Mr. Thomas’s processes for the production of coke and charcoal. 


Charcoal from Douglas Fir. a, 
(Test made at McGill University, August, 1918.) : 


I was furnished by Dr. Bates, Superintendent of the Forest’ Products Laboratories, with _ ee 
samples of wood and bark of the Douglas fir, on which the following tests were made :— ‘ 

I. Piece of Wood.—14 inches long, 6 inches wide, and 4.75 inches high. The piece was not 
square, but of the section shown. , Weight, 3,375 grammes; moisture, 14.74 per cent. of dry 
wood or 12.85 per cent. of moist wood. ‘ 

The wood was placed in a muffle-furnace and heated slowly to a temperature of 440° C. 
The operation lasted in all about seven hours, and it remained at the highest temperature for 
about one hour. When cool the charcoal came out in three pieces, it having broken transversely. 
The pieces put together measured 18 x 5.5 x 4 inches, or 71.6 per cent. of the original volume, ; 
and the weight was 1,134 grammes. This is 33.6 per cent. of the original weight, or 38.5 per cent. — 
of the weight of the dry wood. The charcoal was tested by heating to redness in a covered 
crucible and lost 28 per cent. of its weight; as the ash is very small, this means 72 per’ cent. of 
fixed carbon. The charcoal, while not quite as dense 4s hardwood charcoal, was satisfactory in 
character, except that a part of the interior was soft and spongy. This was not dueto a difference 
in the wood itself, as this was uniform, but to the decomposition of the issuing gases, which | 
consolidated the outer portions of the charcoal. These denser layers varied from 0.25 to 15 — 
inches in thickness, and occurred on all the surfaces. The ash in this charcoal was extremely aa 
low, being only 0.1 per cent. : 

II. Piece of Bark.—12.25 inches long, 6.75.inches wide, and 4.4 inches thick, of the shape eo 
shown in section. Weight, 2,595 grammes; moisture, 16.73 per cent. of dry bark or 14, 34 per a 
cent. of moist bark. 

The bark was placed in the muffle-furnace and heated like the wood, except that the final 
temperature was a little higher, being about 500° C. Next morning it was found that air had 
entered through cracks and had burned part of the charcoal, which was actually ignited when 
taken out. The charcoal was in one piece and measured 11.25 x 6.5 x 4.5 inches, or 91 per cent. 
of the original volume. It will be noticed that the bark had swelled somewhat in a radial 
direction while charring. The weight was 882 grammes, and it would probably have been 890 
grammes if no combustion had taken place; S80 grammes would be 34.8 per cent. of the original 
bark or 40.1 per cent. of the dried bark. Se 

The charcoal lost 19 per cent. of its weight on ignition in a closed crucible, which would 
correspond to 78 per cent. fixed carbon, allowing for the ash. The ash was 8 per cent. of the 
charcoal. 5 ay 

The charcoal was light and weak, so that it would crush easily under a load; itbewasceem 
reasonably coherent and did not crumble very much on handling. ‘ 

Conclusion—The_ slow charring of Douglas fir wood yields a charcoal which, snoneh not 
as strong and dense as hard-wood charcoal, would be quite satisfactory for use in electric 
smelting. The charcoal is extremely free from ash, from which it may be inferred that the — 
phosphorus will be very low. The bark yields an inferior charcoal which, however, might be 
used in admixture with the wood charcoal. The high percentage of ash makes it probable that “4 
the phosphorus would also be high, and indicates that bark charcoal should probably be excluded : 
in the production of specially pure low-phosphorus pig-iron. 

Comparative tests were made on the density of pieces of charcoal from Douglas fir and 
from hard wood. The volume of each piece was determined by surrounding it with fine sand. 


The following results were obtained :— Specie Canes a 


Douglas=fir/ charcoailgesenn cies eee Siete ehedet Aes { gee | 
fa ee eae en mean 0.88. 

Douglas fir bark-charcoal 2 epee eee 0.308 
Rete es caees 0.289 mean 0. 31. 

Hard- wood Charcoal 9 «xcs « ted veces on a ee ae \ as | mean 0.46 
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I wish to express my thanks to Mr. Stokes, of the Forest Products Laboratories, who made 
the moisture determinations and prepared the pieces of wood and bark for the test. 


A NOTE ON THE WALTER THOMAS PROCESSES FoR MAKING OCARBONIZED FUEL. 


At the request of the Honourable Mr. William Sloan, I made a short investigation of these 
processes and of the plant at Nanaimo where some of them have been tested. 
In general, these processes are for the purpose of producing coke from coal and charcoal 
from wood. The general principle employed is to heat the coal or wood in a closed vessel by 
passing through it hot gases obtained by distillation from the same material; these gases being 
cheated in a pipe stove or a regenerative brick stove. The distillation products from the fuel 
are cooled and treated by the Cottrell electrical-precipitation process, thus obtaining oils and 
other condensible by-products; the permanent gases being then reheated and forced into the 
coal or wood, as stated above; the chief advantage to be gained being the production of certain 
- oils which would not be obtained by the usual high-temperature distillation. Another claim is 
that the passage of-the distillation gases through the fuel causes the deposition of carbon, and 

thus increases the yield and improves the quality of the coke or chareoal. It is also claimed 
that the operation will be more rapid, as the heat is conveyed by the gases directly into the fuel 
to be treated instead of by conduction through the walls of a retort. 

Another process for the production of charcoal from sawdust is carried out in a revolving 
drum, which is heated by burning the permanent gases from the distillation in flues in the walls 
of the drum. The charred product is briquetted with tar, and is heated in a carbonaceous gas 
in such a way as to produce a very dense charcoal. 

I visited the plant at Nanaimo on July 4th, 1918, in company with Mr. Walter Thomas and 
Mr. Wm. Brewer. The plant occupied two or three rooms in an old brewery, and consisted of 
the following apparatus :— 

(1.) A distillation retort consisting of a vertical iron cylinder about 14 feet high and 5 feet 
_ in diameter. It was lined with bricks, so that the internal diameter was about 3 feet at the 

top and about 3 feet 6 inches at the bottom. The retort was intended for treating coal, which 

was introduced through a door in the top, while the resulting coke was withdrawn through a 

lateral door near the bottom. The coal rested on a perforated iron plate level with the bottom 
. of this door, leaving a space below the plate for the removal of the products of distillation. 

(2.) A pipe stove consisting of some iron pipes heated by a fire of wood, through which the 
permanent distillation gases passed on their way to the retort. 

(3.) A condenser consisting of some water-cooled pipes for cooling the vaporous products 
of distillation. 

(4.) A “treater-tube” or electrical-precipitation apparatus, consisting of a vertical pipe 
containing centrally an insulated piece of piano-wire, which could be charged to 60,000 volts, 
for precipitating the oil and tar vapours. 

(5.) A fan or blower for causing the circulation of the gases. 

(6.) A series of pipes connecting the several apparatus together, and permitting by means 
of valves various changes in the circulation system. 

When the plant was in operation a charge of coal was placed in the retort, which was then 
tightly closed. The blower was started and the pipe stove heated. The air contained in the 
system was forced in a heated condition into the top of the retort; it passed down through the 
coal and passed out at the bottom, after which it passed through the condenser and the “ treater- 

tube,” and so back to the blower and again through the pipe stove to the retort.. As the coal 
became hotter, gases would be given off, which would replace the air in the system, and thus 
after a time the blower would be forcing distillation gases through the stove and retort. 

The plant was not in operation at the time of my visit, but had previously been tried with 
about 9 tons of coal from the Nicola valley. I understand that the charge of coal in the retort 
was about 3 tons. Difficulty was experienced in making the gas pass through the coal in the 
retort, using a pressure on the inlet side and a suction on the outlet side of about 10 inches of 
water. Oils were obtained, amounting to about 60 gallons for the 9 tons of coal, and a semi- 
coked smokeless fuel was obtained from the retort; but as far as could be observed there was 

r no production of permanent gas. 
4 
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The above-mentioned test was made about February, 1917, and lasted for about five weeks. 
Dr. J. R. Davidson, of the University of British Columbia in Vancouver, installed and operated — 
the electrical-precipitation apparatus and supervised the whole test. I have discussed the matter 
with him, and he stated that the non-production of any permanent gas was inexplicable to him, 
as there was not enough leakage to account for it, and that in view of this it was not desirable | 
to attempt to draw any definite conclusions. 

Speaking generally, however, I may point out that the processes have the following draw- 
backs :— 

(1.) When treating coking-coal it will be difficult to pass the gas through it at all rapidly, 
and the coking will consequently be extremely slow. 

(2.) The circulating gases have not a great heat capacity, and a very rapid circulation will 
be needed to obtain even moderate rapidity of operation. This will be less serious in the case 
of wood than of coal, as the necessary temperature is so much lower. 

(3.) The thermal efficiency of the system will be small, as much of the heat produced in 
the pipe stove will go up the chimney, and the fuel-consumption will in consequence be high, es 

(4.) The pipe stove will be costly to build and to-maintain, as the pipe will burn out rather ae 
. quickly. 

(5.) It does not seem probable that the circulating gases will deposit carbon in the coke or 
charcoal, as claimed, because they must first pass through the pipe stove,, which must be at a 
higher temperature than the fuel, and they are more likely to decompose and deposit carbon — 
in the pipe stove. It is conceivable, however, that the coke or charcoal may in some way cause 
the deposition of carbon in itself, even though the gas has previously been exposed to a higher ' 
temperature. » 

Mr. Thomas has shown me samples of his carbonized charcoal, which is certainly a very- 
satisfactory product. He has not, however, as far as I am aware, published or patented his 
method of making this dense product, and I have no reason for supposing that it can be done 
economically on a large scale. 

- In conclusion, although I am not prepared, on the information at my disposal, to recommend. * 
the processes and apparatus of Mr. Thomas for commercial operation, I recognize his ingenuity 
as an inventor, and think it quite likely that some of his ideas, if carefully tested and applied, _ 
inay prove fruitful. Since returning to Montreal I have heard from Messrs. McPherson and 
Fullerton Bros., of Vancouver, who have taken over the Thomas patents and have been making ~_ 
some tests at the Nanaimo plant. I have received from them samples of charcoal made from 
fir-wood in the large retort. The operation was stated to occupy only six hours and the charcoal - 
appears to be of satisfactory quality. I have also received from them some small briquettes 
made from charcoal powder by the Thomas process. They state that they can obtain mill-waste 
for a few cents per cord; and apparently they can make charcoal at a cost of about $5 per ton. 
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SUBSTITUTES FOR CHARCOAL IN ELECTRIC SMELTING. 


Coal and Coke.—F¥or the purpose of this investigation I have been furnished by Mr. Wm. 
Fleet Robertson and others with information with regard to the supplies of coal and coke in 
sritish Columbia. In view of my belief that charcoal will be the main reducing agent in the 
electric smelting of iron ores in this Province, I have not paid much attention to the supply of 
other fuels. Coke can be used to some extent in admixture with charcoal, and coal or oil would 
be needed for the operation of open-hearth and other furnaces. : 

The following information with regard to the supply, analysis, and price of coal and epee 
‘was supplied by Mr. W. F. Robertson under date of June 5th, 1918 :— ( 

Vancouver Island.—Monthly coal production, 145,000 tons; price per ton, $2.50 to $5.86, 
depending on grades. Monthly coke production, 3,000 tons; price, $10.25 per ton. 

The coke contains 74 per cent. fixed carbon, 3 per cent. volatile matter, 23 per cent. ash, soa 
1 per cent. sulphur; but under improved conditions coke could be made that would contain 84. 
per cent. fixed carbon, 3 per cent. volatile matter, 13 per cent. ash, and 1 per cent. sulphur. 

The following information with respect to the Nicola Valley coal was supplied to me by 
Mr. Nichol Thompson under date of June 10th, 1918:— - 
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“The Nicola Valley coal produces a superior metallurgical coke with well-developed cell- 


“structure and ample strength for iron-furnace stacks. 


results were obtained :— 


From English coking tests the following 


From another source in England :— 
“The coal sent to me and numbered 1 is a very fine coal for metallurgical, steaming, or 


domestic purposes. 


COKE PRODUCED IN :— 
From 

Raw Coal. Bee-hive Retort 

Ovens. Ovens. 

: Per Cent. Per Cent. Per Cent. 
RAS HIRUR EGRESS Bare ties A ae Aa a 2 eS 3.40 1.20 1.00 
DMCA MICCIND LLOR Taam Arts Gk ate rel wa eA cee bt SN 34.90 1.20 0.50 
BIKE M CAT DON: o'ss0lesict eb s Perici. coy Siokens eet Rarer POR TT BAIS 56.70 84.00 91.25 
BURL cs TOSS cae SESS TAN SCR a Ta ES a 5.00 13.60 7.00 
Dioner Res Poe eke eee So, 4 100.00 100.00 99.75 

Sulphur FO SB Sects Bis of Ae, Ee ene ee oe ee 0.65 0.63 0.25” 


We can take away every trace of sulphur if necessary, and it would then 


remain a splended metallurgical coke, supposing you had a steel plant in British Columbia. 
I should imagine that this No. 1 sample is about the highest-grade coal you have in Canada, 
and it should be used as a superior coal when British Columbia has commenced steel production. 
In other. words, it is a coal which will find higher values as British Columbia develops. The 
other coal, main coal and numbered 2, seam 1, carried 38 and 40 per cent. volatile matter, and 


‘are excellent for oil and motor-spirit production, 
coke either for ordinary household fuel or for metallurgical work. 


coal would depend entirely on the grade of coal which you wished to produce. 
be distilled to destruction or any stated quantity of hydrocarbons could be left in the coke. 
I enclose you a sheet showing the product from 1 ton of Nicola Valley coal obtained from a 


by-product oven. 


and for the production also of an excellent 
The oil extracted from the 


The coal could 


There is no question as to the success of the by-product coke-ovens, as 


evidenced by the fact that the entire coal product of Germany previous to the war was made 
into coke so that the products might be saved.” 

Mr. Thompson gave me further information with regard to the chemical by-products obtain- 
able in the coking of the Nicola coal, but it does not seem suitable to discuss these in the present 


report. 


Gas-retort Residue.—The electric-smelting plant at Bay Point, San Francisco, employs for 
reducing reagent in the production of ferro-alloys a carbonaceous residue produced in the manu- 


facture of illuminating-gas from oil. 


per cent. of fixed carbon, and-is obtainable at a nominal price of about $4 a ton. 


This material is practically ash-free, it contains about 70 


It is not very 


satisfactory physically, but in view of the scarcity of charcoal and coke in that locality the 


management have been obliged to use this residue and have overcome the difficulties attending 


its use. 


Comparison of Coke and Charcoal.—The comparative values of these as reducing materials 
depend in the first place on their fixed-carbon content. 


of fixed carbon and coke S84 per cent., 
remainder of the charcoal, however, 


Thus, if charcoal contains 73 per cent. 


the coke would appear to be the more valuable. The 
is volatile matter and moisture, which is driven off harm- 


lessly in the furnace, while the coke would contain some 13 per cent. of ash, which has to be 


melted, and will usually necessitate the addition of a flux. 
need fluxing, in addition to lowering the purity of the resulting pig-iron. 


it follo 


The sulphur in the coke also will 


ws, from these 


and other considerations, that charcoal is somewhat more yaluable than coke as a reducing 


reagent. Referring to Mr. Gronwall’s estimate in my Swedish report, the following figures show. 
the relative consumption of fuel and of electric power for 1,000 kilograms of pig-iron, according 
as charcoal or coke are employed :— 


White pig-iron 


Grey pig-iron 
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It will be clear from this table that not only is there a larger consumption ‘of poke than of 
charcoal per ton of iron, but the power consumption is larger with coke. 

In localities where coke is of good quality, cheap, and abundant, while charcoal is expensive 
and scarce, it may be worth while to use coke on account of its greater cheapness. In British 
Columbia, however, it appears that charcoal should be made at a cost of. $6 to $8 a ton, while 
coke would cost about $10 a ton. As long as these conditions last there can belittle doubt that 
charcoal will be preferable as a reeune agent in electric smelting. 


APPENDIX VI. 


ae t- 


ELECTRODES. 


Blectrodes are needed in most electric furnaces for conducting the electric current into the : 
furnace. They should be good conductors of electricity and poor conductors of heat, and they 


should be strong and capable of withstanding high temperatures. Hlectrodes are usually made 
of some form of carbon, and their wear in the furnace, from exposure to air or to other oxidiz- 
ing materials, constitute a serious source of expense. The cheapest kind of electrodes are 
‘carbon ” electrodes, which are made of some form of carbon, such as crushed anthracite coal, 
bonded together with pitch, and baked. “ Graphitized” electrodes are obtained by . heating 
carbon electrodes to a very high temperature in an electric furnace. The process converts the 
amorphous carbon of the electrode into graphitic carbon, which is a much better conductor of 
electricity, and is superior in some other respects. Graphitized electrodes cost about three times 
as much per pound as carbon electrodes, and fee latter are therefore more generally used in 
electric smelting. 

The electrodes used in the Swedish furnaces at the time of my visit in 1914 were 24 inches 
in diameter and 4 or 5 feet long. They were provided with threaded ends, so that fresh lengths 
could be added as the electrodes wore away. They were of amorphous carbon and cost about 
4 cents per pound, The consumption of electrodes, when making white pig-iron from high-class 
ores, was about 10 to 15 lb. per ton of pig-iron; thus costing about 50 cents per ton of product. 
In melting lower-grade ores for foundry iron the consumption might be from 15 to 20 1b.; at 
present prices in British Columbia this would mean about $1.50 per ton of pig. A furnace of 
3,000 kw. uses six of these 24-inch electrodes. 


At Bay Point, California, the 3,000-kw. open-pit furnace, smelting ferro-manganese, uses three 
24-inch carbon electrodes. The consumption is 100 ib. per ton of ferro-manganese, and Beckman 
and Linden expect that in using this furnace for making pig-iron the consumption would be 20 Ib. 


per ton. 

It will be noticed that the Swedish furnaces have twice as many electrodes as the Californian 
‘furnace. The size and number of the Swedish electrodes are in agreement with the generally 
accepted formule of Dr. Hering, and it seems likely, therefore, that the Californian furnace 
should have more electrodes if it is to be used for iron-smelting. Beckman and Linden do not 


agree with this suggestion, and, of course, these points must ultimately rest on practical demon- ~ 


stration, but it must be remembered that they have not as yet applied their type of furnace to 
smelting iron ores. 
At Heroult, California, a 3,000-kw. ferro-manganese furnace is furnished with four 12-inch 


graphitized electrodes, which would be about the same in effect as the three 24-inch carbon ~ 


electrodes at the Bay Point plant. Judging by the consumption of electrodes at this point, it 
appears that it would be preferable to use carbon electrodes, and I understand that this change 
will be made. ; 


Under ordinary conditions carbon electrodes cost 3 or 4 cents per pound, but at the present 


time the price in the Hast is about 8 cents and on the Pacific coast nearly 10 cents. In view 


of the expense of shipping electrodes across the continent it is desirable to make electrodes | 


locally, but this should not be undertaken until the smelting plant is in good running-order, 
because the manufacture of electrodes is not easy, and the use of poor electrodes might delay, 
seriously, the operation of the plant. Messrs. Beckman and Linden have put up an electrode 
plant at the Bay Point plant, and they are trying to make electrodes from the carbon residue, 
which they use as reducing material in the furnaces. They prepared for me the following 
estimates of the cost of plant and of making electrodes :— : 
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300-ton-per-month Electrode Plant. 


Baking-kilns complete, including all burning apparatus ............. $ 20,000 
Hydraulic press (500 tons per month, 600-ton pressure) ............ 6,000 
REL CLO EC RANE Yor Want Eat Cie cas ie eh Se ET < Saleay oe ORO Bee 6,000 
NEOUS etrcte vee stiches yee ansehen Pe nits a tee oleate ee eg eon 5,000 
WRICINCMMOOM OLEH Gs tee AGN Ce yes ich Seis oben eh ae 2s 1g Aamo, Maw ses 40,000 
PSTN COMP LCLGn te amuse ean Rae etch he Geek. ulerteL nigh: reer Pei. 25,000 
Grane 5... ha Pe nncete ae IS PAG A SR SE Seed ee 8,000 
Conveying equipment and elevators os. vec soko. ok ce eet eelten sles 2,500 
Cruishime Ande screcnin es .AyvaAratusr,, eckcesm a cs woe cio noe eae oie be 3,000 
HESSUL Ties corn Laeeest teen OAc Peet Teen yh on eye. Syays eee cicke ak. « 2k DMG a coe oe 1,000 
ELGOL Se CHALUG RE LOxE arcs eee ea.t ai tees e Ooi s ie seh ec lele os Mee ee eS 1,000 
$118,500 
Contingencies; tO Mer, COM bs. kee cna loath hese. Kieqoee kedecleta setae nee eens Erg 11,850 
; $130,350 
Beckman & Linden Hngineering Corporation fee ..................-- 15,000 
ED OUAIMP ae bape oh ter e tre tretieetis cal SMCS’ co canna ee ME Ronee $145,350 

Cost of making 2,000 Lb. of Electrodes: 
Anthracite: coal, calcined, crushed; ANd sized)<as.k. =. cca: aoeche was case $20 00 
: Pitch at. $20_per-ton put ito electrodes yrs. C.-L Jsotms eos 8 eee Lee 5 00 
iBAking PuelAPOUNUs DEI POUN GA LALO gensccs- conti ctawe chs since ccctgters tals ccaeus, ots ees molest = 4 50 
Repo rents rper. Rolin wet ish Ge cigehee aa. 6 Caan pl tip sae ease 12 75 
Operaungediperintendence: ma or aes. enue. oi > CPL eek ag hea oe baad e's 1 85 
SUPPLIES bikie. = 3 eat rs ReceP es cre ete ea nce MM RLS. vos epi e io hces anteaters 1 00 
ICRP R DARIAN R statutes: Hlir, Sina Seem 7 de Mar Ware Sis Rema nt an 2 00 
Lari OULES- OX CLISO ors tage acta tereregs sie enavase eee te hole! a wie ite Taz one Mine el st ada ogwive ithe 75 
Ma aT CTC Cs CXPOTISOI rater esses Piatsaeie cre eek Staten cnetas stole: Siaueaahtons cehalue. \Sizyiaare aeceaay oes ¢ 4 00 
ETS OCEIOR Warten cre pera nee Pee IRS acace RRR ALS che ras caer eee Hhhesfo Sietade ee Sesael = $51 85 


Cost per pound, $0.0258. 

The iron-smelting plant under consideration for British Columbia was to have two 3,000-kw. 
furnaces making pig-iron and three 300-kw. furnaces making ferro-alloys. The consumption of 
electrodes in these furnaces would amount to 1,000 or 1,500 Ib. daily, or about 20 or 25 tons 
per month. This is less than one-tenth of the output of the plant described above, and the cost 
of making electrodes in a smaller plant would necessarily be somewhat higher, say 3 or 4 cents 
per pound. 


APPENDIX. VII. 


S THE SUPPLY OF LABOUR. 


Although a supply of competent labour is essential to the success of any industrial under- 
taking, and although the variations in the wages that must be paid may mean the difference 
between profit and loss, it is impossible for me at the present time to put forward any really 
reliable information with regard to labour conditions in British Columbia, 

The Department of Labour in Victoria has furnished me, through Mr. W. Fleet Robertson, 
with a statement of the supply, nature, and cost of labour in the Coast District of British 
Columbia; this statement is added in the following pages. It will be seen that there is a fair 
supply of labourers at nearly $4 a day, and that most skilled men are scarce at about $6 a day. 
The cost of labour per ton of iron depends very much on the size and output of the plant. Thus, 
at the figures mentioned, in a fully equipped plant making 50 or 60 tons of pig-iron, and steel 
and ferro-alloys as well, the cost of labour might be $4 or $5 per ton of iron, but if only one or 
two furnaces were operating the labour cost might be about $7 per ton of iron. 

While electric furnaces offer difficulties and dangers of their own, it appears to me that a 
well-established electric-smelting plant, such as those I saw in Sweden, presents far less difficulty 
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and discomfort to the workman than the average blast-furnace plant, and that the Pea 
should experience less difficulty in keeping a good crew of men. lane 

On page 34 of my .Swedish report it is stated that at Hagfors three 3. 000-horsestowenme ce: 
- furnaces are operated by fifty men, working eight hours daily, at a wage of about 12. cents — : 
per hour. At this rate, with bonuses and the higher rates of foremen, the cost would amount — 
to about 80 cents a ton of pig-iron. In a plant of three 3,000-kw. furnaces in British Columbia 
fifty men might be assumed to cost: Thirty at $4 and twenty at $6, or $240 a day. With an 
average output of 75 tons daily of foundry iron this would mean $3.20 per ton. A plant of this 
size would probably need a few additional men, say ten or twelve, which would increase the 
charge for labour to about $4 a ton. 

Messrs. Beckman and Linden have given me a list of the men needed daily for one . 3,000-K 
furnace of the open-pit type. I have added to these the rates of pay, estimated with the een 
the attached memorandum :— ; aie 


Daily Labour for One $,000-kw. Pit Furnace. 


Onexfurnaces foreman eat, SSseqcicim « <cieuserdet cis 0 otnsrsteseted ieee it at ieneegs $ -8 00 
Twelve turmacemen alt, $5. Sec. ctcaniccseteesuetaye raller oie sie eee ait cehenc daa cate ere 60 00 
@netchief Clectrician-at $6 vase cissxs so at oe eens ee a eee opens 6 00 
Threessub-station Operators rabeso cs. gy. pauses =. evens ch spateas tess temples tee meena 15 00 
Three mechanics iat $6. suseeises the ces « sae. seaseye eye Satcesan sme apeteey ORL = aes mere eemeaS 18 00 
Sixrmixing-men:.at BL. 5 igityctecaterers ies loyalaeut: rep eheuche ere ential c tleaees ne Aenea 24 00 « 
Sixametal-handlers: at: G4 iccce Sti oo cis chaptetieenicrey eee acteriee see tern eaten err rem rene 24 00 
Twodlocomotiv.e-Crane MEM a tehon « «c...+ sickens spenie canta teas acetate ee ean tee 10 00 

4 Boy ies 0 ea en MDE oii e tala ap WS CS Ges seeey Calc "$165 165 00 


With an output of 25 tons per day this would mean $6.60 per ton of iron, which agrees er: 
Beckman and Linden’s estimate in Appendices X. and XI. This charge is unduly high, because — 
they figured on a single furnace only. A plant haying three furnaces would only need about twice 
as many men as a-plant with one furnace, so that the cost for labour would be abOUE $4.40 
per ton. 

MEMORANDUM FROM DEPARIPMENT OF LABOUR, VICTORIA, B.C., JuNE 10rH, 1918. 
Supply, Nature, and Cost of Labour, Coast District of British Columbia, such as would be 
required at Plant for. Electric Smelting of Tron. 


NORMAL PRE-WAR 
CONDITIONS. 


PRESENT CONDITIONS. 


Wages per Day of Supply Plentiful * Wages per Day 


Hight Hours. or Scarce. | Hight Hours. — 
| 
Hin On Gersmels eee est Wek MoGeusiaw a bachensitus.s, > | About $15 less than Scarce... 2e . | so05 per month 
at present 26 working-daj 
Engineers, 2nd 6 i SR ay Re Pee: Scareex. 2e5- ee .. | $165 per month o 
. - 26 working-da 
Ma Ghimishs Gane cscs bus ics a A Oe $4.00 per day SGaree <3 Bee $6.00 per day. . 
Machinists, rhelpersi.. see ats atheaueer as 2.50 per day NGATCE sas weave tee 4.50 per day. 
(Not quite sure) : 
Boiler-makereee. ose. Seton Uacethis ees $4.50 per day ...|Searce ....00.2..2 6.00 per day. 
Hoilermmgkers helpers: 4... kyo. 24. 3.25 per day S Garces: 2 ae ees 4.30 per day. 
Blaeksmithsee-. ne. ays omer ee ore 4.50 per day No great supply..| 6.00 per day. — 
Blacksmiths nelmersi ctaa ahs ssideneide siete 3.25 per day No great supply..| 4.50 per day. — 
Plumbers and pipe-fitters APP Sask ches 5.00 per day SCATCE) sje een 6.00 per day. 
Plumbers’ and pipe-fitters’ helpers ....| 3.25 per day SCATCE Tec .. | 4.00 per day. - 
Painters Bos IA es, Soho Ge EOE 4.00 per day No great supply..| 5.50 per day. | 
NeGtriGHl AWOEKEES. sche te de een as 5.00 per day Very searte....... 6.00 per day. | 
Electrical: workers’ helpers .......... 3.50 per day Very scarce ...... 4:00 per day. — 
Operators of electric, steam, or air| 4.50 per day Scarce sash 6.60 per day. % 
winches and donkeys es ae gars ign 
Engineers in charge of boilers ....... 4.00 per day Scares 2.2 Siisetne 5.50 per day. Pa 
(Not quite sure) ie 
Lebourerg= hesitant cae ae eae ante $3.00’ per day ...| Supply fair ......| 3. 85 per “aus & 
Sheet-metal workers ........:....... 4%, Wai Pisa t Se ceeoe 6.60 per day. 
Coppersmiithae: a: trate alle kh ttt ia Pinte eee: <n ..| 6.60 per day. He 
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8 APPENDIX VIII. 


TYPH OF FURNACE TO USE FOR ELECTRIC SMELTING. 


The furnaces that have been in commercial use, or that seem suitable for the electric smelting 


_of iron ores, are :— 


(1.) The Hlectric-Metals furnace used in Sweden: 

(2.) The Helfenstein furnace tried in Sweden. 

(3.) The Noble Electric Steel Company’s furnace used at Heroult, California; and 
(4.) The 3-phase open-pit furnace used for ferro-alloys. 

The simplest of these is No. 4, the open-pit furnace. This furnace has no roof or cover and 
has three electrodes, which are supported from above and are surrounded with the material to 
be smelted. The main objection to this furnace is that heat and gases escape from the furnace 
and are lost, besides creating a nuisance. As far as I am aware, this furnace has not been’ used 
commercially for smelting iron ores. Nos. 2 and 3 are like No. 4, except that the top of the 
furnace is closed in, thus lessening the loss of heat and enabling the gases to be drawn away 
through flues and used elsewhere for heating. Both these furnaces have been used on a com- 
mercial scale, but full particulars of their operation are not available. No. 1 is more elaborate 
than the others and resembles an iron blast-furnace with an enlarged hearth. In this type, not 
only is the furnace closed to retain the heat and the gas from the smelting charge, but the gases 


- are made to pass up a shaft, so as to heat and reduce the iron ore; being, indeed, returned again 


to the furnace for this purpose after escaping at the top. This furnace has been in successful 
commercial use for a number of years in Sweden, and some are now being built in other countries. 

-In this Appendix I give references to a number of descriptions of these furnaces, and 
compare the available data with regard to their operation. 


I. HLEcTRO-METALS FURNACE. 


An illustrated account of the furnace and plant at Trollhattan, entitled “‘ Recent Progress 
in Electrical Iron-smelting in Sweden,” is given by T. D. Robertson in Amer. Electrochem. Soc., 
1911, Vol. XX., page 375. Full illustrated reports of the work at Trollhattan by J. A. Leffler, 
BW. Odelberg, and H. Nystrom are given in Swedish in the Jern-Kontorets Annaler for 1911, 1912, 
and 19138. ‘Translations of parts of these appeared in Jron and Coal Trades Review, June 9th 
and 16th and November 10th, 1911, and May 2nd, 1918, Vol. 86, page 744. Articles entitled 
“ Plectric Iron Smelting” by Jens Orton-Boving appeared in the Canadian Engineer, December 
18th, 1913, Vol. XXV., page 877, and in Iron Age, May 21st, 1914, Vol. 93, page 1269. The 
Swedish and other furnaces for the electric smelting of iron ores are described in my book, 
“he Blectric Furnace,” 1914 edition, pages 174-211, and. in my report on “ Hlectrothermic 
Smelting of Iron Ores in Sweden,” Ottawa, 1915. 

The following account of the Swedish furnace and process is from a memorandum by J. O. 
Boving dated July, 1915 :— 

* Reduction of Iron Ore. 


a 


“The methods and processes for obtaining pig-iron by electric reduction have mainly been 
worked out and put to commercial use in Sweden, but in a smaller degree the United States of 
America and Canada have contributed towards the experience gained. (Experiments have also 
been carried out in France and in Switzerland, but no commercial results have matured so far.) 
The reason for this is fairly obvious, as the development is based on the following cardinal 
conditions : Presence of cheap water-power and suitable charcoal. 

“ Sweden’s iron trade has been based on the production of high-class charcoal pig since the 
earliest days of established industry, and it is chiefly on account of the high quality thus 
produced Sweden became famous for these products. 

“ Before the new processes of making steel in open-hearth and Bessemer converters were 
known, Sweden commanded high prices for her iron, but prices fell with the development of 
newer methods, and Sweden had to seek other ways in order to cheapen the cost of production 
and at the same time maintain the quality. Such means were found in the electric-reduction 


furnace. Sweden has an abundance of cheap water-power, and there are few countries in the 


world that have taken such beneficial advantage of it. 
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— 


“The first electric-reduction furnaces were established in 1907. Now a great number of 
them are working and giving splendid results, as will be seen below. 

“In Russia there are large districts where the conditions are similar to those in Sweden, 
and I am strongly of the opinion that developments could as profitably be made in the Urals, 
and maybe also in the Caucasus. The iron industry is already well established in the Urals. 
The ore is good. There is an abundance of water-power which would be easy to harness, and 
the supply of wood for charcoal is practically unlimited. 

“As mentioned above, the development of electric reducing has been most marked during 
the last few years in Sweden. At present some fourteen high furnaces are in operation, and 
the total output represents about 140,000 tons of pig-iron per annum. ‘This pig is of the highest 
quality that can be made, and it commands, therefore, high prices. It is mostly used in Sweden 
for producing high-grade steel, but a certain amount is also sold to the Sheffield market. 

“There are, further, many more installations contemplated, and it is safe to say that 
wherever there is cheap water-power the old blast-furnace will be replaced by electric producers. 
Generaly speaking, it holds good that wherever 1 horse-power per annum can be produced cheaper 
than the cost of 2 tons of charcoal or coke (depending upon the class of iron to be made) it is 
a commercially successful undertaking to substitute electric heat for fuei-heat. ae 

“The system of furnace which is used throughout Sweden is that patented by Electro-Metals, 
Limited. 

“Tt will be seen that the furnace consists of two principal parts—the furnace-shaft and the 
hearth or crucible. The shaft, which is of similar design to an ordinary blast-furnace shaft 
(but, of course, without any blast-tuyeres), is supported independently on an iron framework 
or on heavy girders resting on the walls of the furnace-house. It consists of a shell of steel 
plates and is lined with firebrick. It is provided with a closed furnace-top, the charging-bell of 
which is raised or lowered by means of an electric motor and winding-drum. ‘The hearth, which 
is situated immediately below the shaft, is so constructed that when it is expanded by the heat — 
the central hole in the arch which covers it fits closely around the neck of-the shaft. ; 

“The hearth also consists of a strong shell of steel plates lined with refractory material and 
is covered by an arch, the weight of which may be supported entirely on the circular lining of 
the hearth, or else partly in this manner and partly by iron straps riveted to the shell-of the ~ 
shaft. : 

“The electrodes are preferably of circular section and provided with screw-joints for joining 
up end to.end. They pass through the arch of the crucible at a slight inclination from the 
vertical. Water-cooled stutiing-boxes with asbestos packing are provided to prevent leakage 
of gas around the electrodes. The electrodes project into the hearth through the free space 
between the roof and the charge, which on descending into the hearth falls.at an angle from 
the lower end of the shaft. The electric current is supplied to the electrodes through bronze 
contacts. Only carbon electrodes have, so far, been used owing to the high costs of graphite 
electrodes. 

“The Hlectro-Metals furnaces are generally provided with an arrangement for gas-circulation, 
the gas being drawn by means of a fan from a gas outlet at the upper end of the shaft and 
forced through a number of nozzles into the free space between the roof of the crucible and the 
descending charge. The object of this gas-circulation is twofold—yiz., to prevent overheating of: 
the roof of the crucible and to facilitate the reduction process in the shaft. As regards the latter 
object, it is evident that-the gas which becomes highly heated in the crucible assists in conveying 
heat to the charge in the shaft, thus extending the reduction zone and rendering it more effective 
through the increased volume of_gas passing through. 7 

“In this manner the percentage of CO, in the furnace gas can be kept higher than if no 
gas-circulation were used, and it is evident that this indicates a reduction in the fuel-consumption. 

“The furnaces are placed in the central bay. On one side all the electrical gear is placed—_ 
transformers, Switches, regulators, etc.—and this part is isolated from the metallurgical part. 
The power is derived from a hydro-electric plant nine miles and a half away, which power- 
station belongs to the company. ‘The voltage of the line is 12,000 volts and is reduced to low 
pressure by transformer and adjusted by regulators to between 50 to 100 volts, as required. 

“ Hach furnace has six electrodes, cylindrical in shape, and arranged to be used continuously 
without waste by using a screw-joint. 
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“The pouring-bay is fitted with electric overhead travellers, as well as trolly-tracks for 
transporting iron and slag. ‘The iron can either be poured to pig or conveyed in ladles to the 
Bessemer and open-hearth furnaces. The slag is run into block moulds and makes excellent 
building-stone. 

“The crushing-room is at the end of the furnace building. There are three crushers of the 
ordinary jaw type. There is a railway-track outside, and the daily requirements are supplied 
in the trucks, so that there is no need for large storing-bins. One of the crushers ‘is fairly large, 
with wide enough jaw-space for the biggest lumps, and the ore passes from this crusher to the 
smaller ones, and thence by a bucket elevator to a belt-conveyor above the charging-platform, so 
that the raw material may be unloaded where required. There is a small ore-store, but this 
only contains some limited reserve amounts of the various, kinds of ores used. The charcoal is 
transported from the stores by a ropeway. 

“Three different kinds of pig-iron have been produced :— 

(1.) Pig-iron for open-hearth treatment. 
(2.) Pig-iron for Lancashire treatment. 
(8.) Pig-iron for Bessemer treatment. - 

“The quality which ‘is desired from the open-hearth pig is semi-spiegel and contains: 
Si, 0.40 to 0.60 per cent.; Mn, 0.30 to 0.50 per cent.; P, 0.011 to 0.018 per cent.; S, 0.015 per cent. 

“Tt will be seen that it is more economical to produce spiegel iron in the electric furnace, 
and arrangements have been made to alter the open-hearth furnaces so as to use spiegel iron 
only. 

“It has been assumed in yarious quarters that it would probably be difficult to maintain a 
constant product in an electric furnace. Experience has proved, on the contrary, that a much 
more constant product is obtained from the electric furnace than from the old blast-furnace. 
One reason for this is that there is such a large receiver or collecting-basin in the lower part 
of the electric furnace that it acts as a regulator on the quality. 

“The Lancashire pig required is quite white and has the following analysis: Si, 0.20 to 
0.30 per cent.; Mn, 0.20 to 0.30 per cent.; P, 0.011 to 0.018 per cent.; 8S, 0.015 to 0.020 per cent. 

“During the early operation of the plant in question there was a tendency for the sulphur 
to be unduly high, but this was remedied by making the slag more basic whenever the furnace 
was run for Lancashire pig. ; 

“The analysis of Bessemer pig used was as follows: Si, 1.00 to 1.40 per cent.; Mn, 2.50 to 
8.00 per cent.; P, 0.015 to 0.019 per cent.; S, 0.005 per cent. : 

“Fixcellent Bessemer has repeatedly been made of this pig. The early attempts were not 
good, but it was soon found that Si and Mn had to be increased. It had been assumed that 
the amount would be normal, but apparently the lower temperature of the etectro-Bessemer pig 
as compared with ordinary Bessemer pig from blast-furnaces necessitates a higher content. 

“ General experience points to the following results: It is cheaper to make spiegel than 
grey pig, because: (1) More current can be put through the furnace; (2) the current consump- 
tion is lower (per ton of product); (8) thus the production is higher; (4) the electrode 
consumption is lower; (5) the repair costs are lower. 

“Tt may further be stated that rich charges give better (economic) results than poor ones. 
The quality of the pig however, is not influenced by the percentage of iron contents of the ore. 

“Hor some time past the gas from the furnaces has been used as fuel-in the open-hearth 
furnaces, and it is estimated that the value of the gas is from 2 to 3 shillings (50 to 75 cents) 
per ton of pig-iron produced. 

“Finally, regarding the influence of the electric pig on the finished steel, experience has 
shown that the change tends to make better steel; this applies both to Bessemer and soft and 
hard open-hearth steels. } 

“The steel produced at Hagfors is of the highest quality and is mainly used for locomotive- 
boiler tubes, piano-wires, and high-tension wires generally. 

“In Sweden, generally, the electric reduction of iron ore is regarded as revolutionizing this 
industry, and preparations are being made for constructing mills of considerable capacity. 
Recent experience has shown that large electrodes can be used at the same time as the current 
intensity on the electrodes is increased. Large furnaces will therefore be designed, and some 
_of those now building have-a capacity of 8,000 horse-power each. 
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“The general experience has been that the handling of the electric-reduction furnace is 
considerably simpler than an ordinary blast-furnace. More even quality is obtained without so 


‘careful watching. The quality can be changed easily, and the various grades from grey pig to 


spiegel can be obtained by simple manipulation. Less attention and less labour are required.” 
During the present investigation I have been in correspondence with Messrs. Electro-Metals, 
Limited, 56 Kingsway, London, W.C. 2, and reproduce the following extracts from two of their 
letters :— 
Letter from J. O. Boving, June 28th, 1918. 


“ We have received your kind letter of the 5th inst., with regard to electric reduction of 
iron ore in Canada. It was exceedingly pleasant reading to the writer personally, who has for 
many years been in touch with various parties in Canada and could never understand why the 
electric reduction had not made any progress in a country where the conditions are so singularly 
suitable for the development of this industry. 

“ Since you were in Sweden very great developments have taken place, and this has, of 
course, been especially accentuated by the war, when importation of coke has been difficult, and 
therefore the power existing in the country has been of greater value than ordinarily for electro- 
thermical operations. 

“You will probably remember most of the plants you visited in Sweden, but we shall here 
recapitulate what has been done as far aS we are acquainted up-to now. | 

“here are two furnaces at Trollhattan—the original one and another of 3,000 kw. capacity. 

“There are five at Hagfors—the two original ones and three later of 4,000 kw. capacity. 

“There are three at Domnarfyet (the Helfenstein furnace was found quite useless and has 
been pulled out)—one of 7,000, one of 8,000, and one of 2,000 kw. capacity—and there are two 
more building of 3,000 kw. capacity. 

“There is one at Soderfors of 5,000 kw.; one at Ljusne of 3,000 kw.; two at Porjus of 
3,000 kw.; and three at Lulea of 3,000 kw. 

“Some have been built in Norway, two in Switzerland, and two or three in Japan. 

“The most important plant we have tackled is, however, the one in the Aosta valley, North- 
west corner of Alpine, Italy. Here we are erecting for the firm-of Ansaldo & Co: (the largest 
armament firm of Italy) a reduction plant consisting of six units each of 3,000 kw. capacity. 
Two of these furnaces will be run on charcoal and four on coke. Half of the furnaces are built 
here and the half to our drawings in Italy. 

“We are_going to work out a revised estimate of the cost of this plant as applied to 
Canadian conditions and send along as soon as possible. This will give you a good idea of 
what you could look forward-to. We shall also give you data regarding power- “consumption, 
electrodes, labour, charcoal, and other supplies. 

“Whilst we write you about reduction-furnaces, we think it is only right that we should 
inform you about the most remarkable developments which have been achieved with our steel- 
furnaces. 

“he electric steel-furnace is undoubtedly the easiest apparatus existing to-day for melting 
steel and purifying it afterwards. The great flexibility of the electric heat and the possibility — 
of applying it at the right point makes the removal of impurities, such as phosphorus and 
sulphur, and further complete deoxidation a very easy matter, and steel-makers in Hurope are 
now unanimously of the opinion that as soon as the war is over electric furnaces will be installed 
by all large steel-mills, even for ordinary grades of steel. The process will be that whilst open- 


hearth furnaces and Bessemer converters will be maintained, these will only be used for taking 


the steel a certain part on the way towards perfection, and the final touch up will be made in 
the electric furnace. Treating molten steel in the electric furnace and refining it from impurities 
requires for a large unit between 80 and 100 kilowatt-hours per ton. This consumption is not 
prohibitive even under conditions, such as are prevailing in this country, where power under 
ordinary conditions is available ata price of about one-third of a penny (0.7 cent). But it is 
a remarkable fact that even now during the war, when price for power ranges from 1 to 2 cents 
per unit, certain manufacturers, such as Brown-Bayley, Hadfield’s, Cammell-Laird, and the 
Partington Steel Works, find it profitable to use our electric furnaces for treating ordinary 
carbon steel, starting from the cold. It should be, of course, remembered that this can only 
be done in fairly large furnaces haying a capacity of at least 5 tons, because the current con- 
sumption increases very rapidly for small units. Thus, whereas a 1-ton furnace requires about 
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1,200 units for melting and refining 1 ton of scrap, a 5-ton furnace only requires about 750 units 
for the same work, and a 10-ton furnace round about 600 units. 
ge “When we come to consider electric furnaces receiving their power from hydro-electric 
a A installations, the question comes into quite a different plane. In many cases it is possible to 
* . supply the current at the rate of 0.1 cent, and: the price of the total current consumption is thus 
_-—s«So:~reduced that the whole process compares very favourably with the most economical coal-gas- 
fired open-hearth furnaces. is 
‘ “In connection with Messrs. Ansaldo’s Reduction Works a large steel-works is also being 
installed. The rich gases from the reduction-furnaces are used in the steel-works, but there 
* i will also be a battery of ten 15-ton electric steel-furnaces, all energized by water-power. You 
3 E "may be interested to know that Ansaldo’s metallurgical engineer is Professor and Dr. Giolitti 
ia (of carburizing-of-steel fame), and their steel-works are regarded as obtaining higher quality 
results than any other works. : : 
ia eee “On the coast of Norway there are also a number of electric steel-furnaces energized by 
4 water-power, and these undertakings are paying extremely well, turning out’ fine steel and 
making huge profits.” 


4 : Letter from J. Bibby, September 21st, 1918. 

‘ ; “The production costs given in our letter of August 19th (see Appendix X.) are for the 
a manufacture of white pig-iron as you surmise, and these are to be obtained in the large plant 
hee at Messrs. Ansaldo’s about which we wrote you. For the manufacture of grey foundry pig-iron 
4a - in this large plant the consumption will be approximately 0.87 horse-power year per ton of 


eer pig-iron, assuming that the ore contains between 65 to 70 per cent. of iron. 

5 - “For a plant consisting of only one 4,000-horse-power furnace, for instance, the consumption 
‘would be from 5 to 10 per cent. higher, as the diversity factor would be greater. For the case 
you mention of 9,000 tons per year you could assume a consumption of 0.41 horse-power year: 
per ton of grey iron produced from ore containing 65 per cent. of iron. ; 

“With reference to the sintering mentioned on page 4 of your letter, it is quite a common 
practice in Sweden to employ as much as 50 per cent. sintered and 50 per cent. lump ore and 
obtain satisfactory results. 

“With reference to the price of current in British Columbia, wo do not see why the cost 
there under similar circumstances should greatly exceed what is being done in Sweden, where 
current is being regularly supplied at the equivalent of $8 per horse-power year. ‘The electric 
suppliers must take into account the favourable nature of an electric-furnace load as regards 
power factor and load factor. Under the circumstances you give of a 60-cycle supply running 
one furnace, the power factor would be as high as 0.92. 

“With reference to charcoal, we are in a position to supply drawings and specifications for 
charcoal plants to suit any given requirements, and if desired we could quote you a fee for this 
work. ; 

“We are pleased to learn that you are contemplating a new edition of your valuable book 

+ on electric furnaces, and we believe that you will consider a description of our recent develop- 
‘ments worthy of notice. We are therefore preparing a description of the various improvements 
we have made since your book was published, and will send this on to you in due course. These 
improvements consist in the employment of a new 2-phase system for small furnaces up to 7 tons, 
and a new 4-phase system for furnaces between 7 and 80 tons capacity. We have also made 
improvements in the way of automatic regulators, electrode economizers, etc., all of which we 
will give you particulars. In the meantime we enclose you two electrical diagrams which no 
doubt will be quite clear to you. : 

“Ag regards the 6-phase arrangement, this is applied to our 3,000-kw. reduction-furnace. 
As before, we employ three transformers which each supply two diametrically opposite electrodes, 
‘but we so connect the transformers that we obtain six independent phases in which the relation- 
ships are definitely fixed.” 3 i 
In conclusion, I may say that the Electro-Metals furnace is undoubtedly the most efficient 

. appliance that has so far been applied to the electric smelting of iron ores, but that in view of 

the large consumption of power by éven this type of furnace it will be unwise to put up an 

elaborate plant of this kind unless an adequate and permanent supply of electric power can be 


obtained at a moderate price. 
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Unfortunately, some of the earlier reports gave exaggerated ideas of the economy of electrical 
power and charcoal that had been obtained with these furnaces, and I myself made the mistake 
of taking these reports literally when writing the 1914 edition of my book on “The Electric 
Furnace.” After visiting Sweden and investigating the conditions obtaining there, I arrived at 
more conservative figures as put forward in my 1915 report. In Mr. Bibby’s letter of September 
21st, quoted above, he states that with a single furnace of 4,000 horse-power producing 9,000 tons 
per annum, the consumption would be ‘0.41 horse-power year per ton of grey iron from an ore 
containing 65 per cent. of iron.” It will be obvious that from the available ores, which do not 
contuin more than 55 per cent. of iron, the figure I am assuming of 0.45 horse-power year will 
not be too high. 

Although the Swedish furnace is more economical than any other electric ore-smelting furnace, 
there still remains a considerable margin for further possible improvement, and I hope that some 
process of low-temperature reduction of iron ores may be worked out which will show a decided 
improvement over the Swedish process. 


II. THE HELFENSTEIN FURNACE. 


The Helfenstein furnace was originally devised for the production of calcium carbide and 
ferro-silicon. (See R. Taussig, Faraday Society, V., 1910, page 254; Soe. Chem. Ind.; XXXIX., 
1910, page 485; Met. and Chem. Eng., X., 1912, page 686.) A 10,000-horse-power furnace of 
this type for iron-smelting was started at Domnarfvet in May, 1918, and was in experimental 
operation at the time of my visit in 1914. A more recent account appeared in Jron and Coal 
Trades Review (London), February 28rd, 1917, and in Met. and hei Fing., May ist, 191%, 
page 509, from which I have taken the following particulars :— 

When chareoal was used, the consumption of power, etc., was 2,170 kilowatt-hours, 380 kg. 
charcoal (70 per cent. carbon), and 5 kg. of electrodes per metric ton of pig-iron. When coke 
was used, the consumption was 2,600 to 2,700 kilowatt-hours, 310 to 320 kg. of coke, and 4 kg. 
of electrodes. The consumption of 2,170 kilowatt-hours with charcoal corresponds to 0.392 horse- 
power year at 85 per cent. load factor. This is probably for the production of white iron from 
high-grade ores, though at the time of my visit ores of 50 per cent. iron were being smelted. 
It does not appear that the efficiency is any better than that of the Electro-Metals furnace, and 
it should be noticed that the use of coke causes the consumption of a far greater amount of 
electrical power. 

The idea of this furnace is to increase the output and efficiency by using a far larger amount 
of power in a furnace of a given size than was possible in the Hlectro-Metals furnace. The 
furnace gases were hot used to reduce the ore in the furnace, but were employed for other 
purposes in the plant. It is unfortunate that we have no detailed account of the operation of 
this furnace, or of the reasons which caused it to be abandoned. 


III. THe Nosre FuRNACE. ; 2a 


At Heroult, in California, electric smelting of iron ores. was undertaken in 1907, and was 
continued, experimentally, until about 1914. The first furnace was designed by Paul Heroult, 
and was a 2,000-horse-power rectangular furnace, with three vertical electrodes alternating with 
four vertical chutes for supplying the ore charge. The furnace had an arched roof and the 
chutes were heated by the escaping gases. The chutes became choked with the heated ore, the 
roof broke down or melted, the furnace could only be worked with an open top, and was finally 
given up. Professor D. A. Lyon experimented in 1908 with a single-phase furnace of 160 kw., 
and in 1909 put up a furnace of 1,500 kw., substantially like the earlier Swedish type of furnace. 
Work with this furnace was continued until 1911, when it was finally given up, possibly on 
account of difficulty in controlling the nature of the product. The Noble Company then reverted 
to the rectangular type of furnace, using four electrodes and five charging-chutes, which, however, 
were not heated. A 2,000-kw. furnace was built in 1911, and an additional furnace of 3,000 kw. 
in 1912 or 1918. The best account of this furnace was written by John Crawford, the plant 
manager, in Met. and Chem. Eng., July, 1913, Vol. XI., page 3838. 

Mr. Crawford states that the tall-shaft furnace built in 1909 could probably haye been made 
economically efficient, but that it could not be made to respond readily to changes in the burden, 
as would be essential for making consistently high-grade foundry iron. He explains the necessity 
in electric smelting of controlling accurately the addition of carbon in the charge, as an excess 
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arbon cannot be burnt off as in the blast-furnace, and a deficiency results in low-grade iron. 
his difficulty of controlling the amount of carbon does not interfere with the production of a 
5 low-silicon iron—such as is used in Sweden—but in his experience it caused great difficulty in 
“ the production of foundry iron. In view of this the shaft- furnace was abandoned, and a 2,000-kw. 
3-phase furnace of the long and narrow type was tried. This furnace had four electrodes, delta- 
connected and suspended between five charging-stacks. He considers that this type of furnace, 
hich was operating in 1913, is the one best adapted to their needs. The second furnace of this 
cind, having 3,000 kw. capacity, consists of a rectangular steel shell 28 feet long and 10 feet wide, 
lined with standard firebrick. This is surmounted by five charging-stacks 18 feet high, and 
_ between the stacks the top of the furnace is arched over. The electrodes are of Acheson graphite, 
12 inches in diameter, and enter vertically through the arch between each adjacent pair of 
charging-stacks. The furnace gases are not used for preheating or reducing the ore, but are 
Jed away and used under lime-kilns and charcoal-retorts. The electric current is supplied to 
the furnace at a voltage of from 40 to £0. He found that coke was less satisfactory than char- 
coal in this furnace, but that if the coke was crushed a mixture of 60 per cent. coke and 40 
per cent. charcoal could be used with fair efficiency. The following is an analysis of a 200-ton 
lot Bees toa foundry for making steel castings :— 


Per Cent: 
SSTUNLO OTOL se 6:5 Cleve . Cee US AEE AI AER Oa =e Heh ater nae hparete 2.88 
TPE COM GAT OOM MMe. MTs clea akc s slebie ea cssclea oe been eee pier ine scat 0.09 
MAE OAT Oar rt Vetr iss dale su des ds vse Dav cece sss che eee ee ae 3.38 
SSuguoln@ie :  hoG Ea eg arse Pert g RE 0.028 
’ 1 Ae SFO ROIED 5 Bh A ee eee ee ee ER era Ee se ae 0.031 
Mr. Crawford does not consider this type of furnace as efficient as the shaft type, but states 
that he has kept the power-consumption as low as 2,200 kilowatt-hours per ton of pig in a 


rnace of 300 kw. This w ould equal, 0.40 horse-power year at 85 per cent. load factor. He 
states, however, that the long and narrow type offers the possibility of building several furnace 
units on to each other, like copper blast-furnaces, and this would lessen the radiation and elec- 
ical losses and increase the efficiency. It would also enable part of the furnace to be repaired 
while the remainder was still in operation. 

Since Mr. Crawford’s article scarcely anything has been published about the Noble smelting- 
furnace, but I learn that the production of pig-iron was discontinued about the year 1914. 
igs This may not have been caused by any technical difficulty, because the commercial situation at 
Heroult, which can never have been very good, became impossible when the charge for power 
as raised from $12 to $25 per horse- Lpowe er year. The plant is situated on the Pitt river, in 
Shasta County, and is reached by an independent line of rails from Pitt Station, on the Southern 
Pacific Railroad. The iron ore is about the only element of their supply which can be obtained 
eaply at the works; there is not enough timber left near the plant for charcoal-making, and 
d for this purpose has to be brought in by rail. All their general supplies and their products 
to be shipped over two railroads from or to San Francisco or other industrial centre. 


IV, THE OPEN-PIT FURNACE, 


as. been developed, and this is recommended by Messrs. Beckman and Linden for the smelting 
‘iron ores. The 3,000-kw. furnace erected by this firm at Bay Point for the production of 


ng, 9 feet wide, and 7 feet high, suitably braced outside, and lined around the sides with 
wy inches of firebrick. The bottom lining is about 3 feet thick, composed of blocks of carbon, 
the furnace is supported on piers to permit of air-cooling. The top of the furnace is open, 
the three electrodes, which are of amorphous carbon, hexagonal in section, 24 inches in 
meter and 7 feet long, are hyng in the middle line of the furnace, being spaced 3 feet 6 inches 
art from centre to centre. The lower ends of the electrodes are surrounded and covered by 
the ore and other materials when the furnace is operating. The upper ends of the electrodes 
are held by water-cooled metal-holders, which support the electrodes at the correct height and 
; ae the electric current to them. The height of the electrodes is controlled and regulated 
by ‘automatic machinery, which is designed to keep a constant electrical load on the furnace. 
Three-phase electrical power at 22,000 volts is supplied to three 1,000-kw. transformers, from 
which! the working-current, at 70 to 100 volts, is led by flexible conductors to the three electrode- 


For the production of calcium carbide and ferro-alloys a simple type of open-topped furnace - 


rro-manganese may be taken as typical. It consists of a rectangular steel box, about 17 feet 
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holders. A charging-platform extends around the furnace about 3 feet below the top, and the 


mixture of ore, carbon, and flux is shovelled into the furnace from this platform. The molten 


ferro-manganese and slag are allowed to run out of the furnace periodically by means of a 
spout and tapping-hole opposite the centre electrode. 

There can be no question that charcoal pig-iron of any desired grade can be made in this 
kind of furnace, which is easily and cheaply built and repaired, and should be able to run for 
a long time without need of repair. By providing an ample supply of power the efficiency should 
be satisfactory, and may be expected to approach fairly closely to that of the Swedish furnace. 
The chareoal-consumption will certainly be higher, but, as a poorer quality charcoal can be 
used, this need not cause any additional expense. The power-consumption will probably be 
higher; but it is impossible to speak positively on this point, because the loss in heat, due to 
the open top and the absence of a stack, may be largely balanced by the greater efficiency of 
a higher-powered furnace, and by the fact that stoppages for repairs will be fewer and less 
prolonged. The consumption of electrodes will probably be larger per ton of pig-iron, because 
they are somewhat exposed to the air, and perhaps also on account of the greater current density 
used in these electrodes. Although, in general, the furnace has much to recommend it as a 
simple and effective means for making iron, it must be remembered that the furnace gases are 
allowed to burn above the charge; thus not only are they wasted, but they create a serious 
nuisance. It is difficult to avoid the conclusion that, in operating such a furnace for the com- 
mercial production of pig-iron, the management would ultimately be obliged to close in the 
furnace-top, so as to remove the gases from the furnace-room, even if the value of the gases 


“were neglected. The furnace, so closed in, would then resemble the Helfenstein or the Noble 


furnace, already described. If, then, it is decided to smelt in an electric furnace other than the 
Swedish type, it would be practicable to start with a simple pit furnace as used for ferro- 
manganese, and to add to this, if it seems desirable, provision for retaining = heat and gases 
and supplying the charge in a more mechanical manner. 

If it is found practicable to reduce the crushed ore to a metallic powder in some. gas-fired 
furnace, this powder can be melted down very simply and cheaply with additions of carbon and 
ferro-silicon to produce foundry pig-iron. A simple electric furnace provided with a cover will 
probably be the best for this purpose. 


APPENDIX IX. 
DESIGN AND COST OF PLANT FOR THE ELECTRIC SMELTING OF IRON ORES. 


> GENERAL CONSIDERATIONS. 


(1.) We have seen that in view of the limited market it is undesirable at present to consider 
the production of more than 20 or 30 tons of pig-iron daily for use in foundries. 

(2.) The cost of production on so small a scale would be very high, and, as there will not 
be a great profit in making pig-iron, it seems doubtful whether a plant of that size could pay 
its way under ordinary conditions. 

(3.) If, however, we include in the plant furnaces for the production of steel and ferro- 
alloys, which can probably be made with a greater profit, and apart. from this will help to carry 
the general overhead charges, there is more probability that the plant can be made to operate 
at a profit. 

EXLECTRO-METALS PLANT. 


Messrs. Electro-Metals, of London, are installing an iron-smelting plant for Messrs. Ansaldo 


& Co. in the Aosta valley in Italy, and I have received from them the following estimate of the 


cost of building a similar plant in Canada. 

The plant would consist of six electric furnaces of the Swedish type, each using 3,000 kw. 
and producing 10,000 tons of pig-iron a year. This is for the production of a low silicon or 
white pig-iron from an ore of about 65 per cent. iron. The plant would consist of a large furnace 
building, divided lengthwise into three bays. One of these contains the transformers and other 
electrical apparatus, the central bay would contain the six electric furnaces, and the remaining 
bay would be devoted to the disposal of the pig-iron and the slag. Besides these, there would 
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storage-space for the ores, fiuxes, iG pig-iron. No. mention is made of unloading piers or 
Beerres, or of railroad-tracks, or of the Iand on which the works would be erected, and it seems 


The plant of 18,000 kw. is estimated to cost :— 


Six shafts complete with charging-bells and pipes ..............0.0. $170,000 
Twenty (1,000 kw.) transformers Coro SWATES. )o\ tt a 5 Rega home Sicko eiees 150,000 
eer Cli-P ORT P2605. mabe eras cong gies bes cba ameter ena on sevte »  40;000 
I OURLORS NS Cee ee cone ee ep, Ak. he ae el ool ye PS ets Pe 15,000 
RN LTINT) Sencha e WL LOT IOLA) Cotsiee densi acter or as mach tere Peeeame te a6 ocak os GRRE teeta 40,000 
Btowers, fans, and ducts. 25. .......: Sista eat ins aL ST EE ae tes 20,000 

EO LOA! Sig aes soeearce Secuaee aia aed ios PT Hee AR Re Ste, 5c EPR oo aes 5,000 
Buildings ....... FT Re Ee ne ERR Oe 100,000 
PUNY ED cee ete red Se eae ee vneah noes tose Sok Rganatob eats Sire. ag HOMEERES ea tn eta $540,000 


e This is equal to $9 per ton of yearly output. 

> For present consideration we may take a plant, producing pig-iron alone, of-half this size; 
i that is, of 9,000 kw. This would make more pig-iron than we need, but would be of about the 
oe & right effective size and expense. Such a plant, with additional charges for the land, unloading- 
4 ee _ wharf, tracks, and rolling-stock, would cost in the order of $350,000 to $400,000. The estimated 
! output for this would be 380,000 tons per annum, but this should be corrected (1) for the ore 
being of 53 per cent. iron instead of 65 per cent., which will probably reduce the output from 
30,000 tons to 26,000; (2) a further correction, in view of the production of foundry instead 
of white iron, will reduce it to 24,400 tons, or 8,100 tons for each of the three furnaces. 
It is probable, however, that the estimated output of 60,000 tons from a six-furnace plant 
was a conservative figure, and it appears reasonable to assume an average daily output per 
furnace of 25 tons of foundry iron, even from the low-grade ores of British Columbia. ‘Twenty- ~ 
five tons a day per furnace would. be 9,000 tons per annum for each furnace, or 27,000 tons for 
the whole plant, and I shall base my calculations on this. 
i By way of comparison, I add an estimate, made for me in 1914, of the cost of bade 
ee ny Canada a 9,000-kw. plant of the Swedish type. The estimate was prepared by Mr. Assar 
Gronwall, of Ludvika, in Sweden. It is probable that the firm have introduced some economics 
5 ‘since the date of this estimate, but the cost of construction, especially in British Columbia, has 
increased rapidly, and it seems likely that a complete plant, including land, wharf, and rolling- 
eck, will cost in the order of $400,000, or $15 per yearly ton of output. 


Plant of Three Electric Furnaces of 3,000 Kw. each. 


Excayation, levelling, railway-tracks, store-house for ore and coke or 


“oe charcoal, foundations for buildings and furnaces ............... $ 30,000 
_Buildings— 
House of lieht-iren construction, for three iurmaces (2 peek eters 60,000 
Crusher-plant house, laboratory, inclusive of appliances, workshop . 
~ for repairs, and storehouse, and various smaller ghops...... 12,000 
Furnaces— 
Three furnaces at 4,006 horse-power, with fans and gas-pipes..... 75,000 
Blectric transformer instruments with low-tension conductors .... 100,000 
Moulds, ladles, tools, and instruments ...........-..-+.22-seeeee 10,000 
Travelling ELAMEHOLS DN CONS) CAD CIE Yser ite ie topen ete «tas ete eteenaeeetehel 6,000 
Ppa Ore-crusher, apparatus for transporting crushed ore to the 
(cTMMENEES NO) OP or GAT ORS CeIn MS foo ice ca memo e mene ioc Ib. on oes 7,000 
Side-tracks for transport and other transporting devices ......... 7,000 
Water-pipes and waste-pipes ...... 6. se se eee eee eee tect e eee 5,000 
Drawings, supervision during constructicn, and unforeseen expen- 
cuit RCA eG Sos | ode RI RRS Sa es SE eee 48,000 


L 64. : Bureau or Mines. ' ed O19. 


If the EBlectro-Metals type of furnace is used there would probably be only two of these 
built, and the remaining power would be devoted to the production of ferro-alloys and to steel- 
making. 

PLANT WITH OPEN-PIT FURNACES. 


I visited in California a plant at Bay Point, San Francisco, and another at Heroult, in ~ 
Shasta County, where ferro-manganese and other ferro-alloys are made in electrie furnaces. 
The largest furnace used was a rectangular open-pit furnace, using 3,000 kw. and having three 
24-inch carbon electrodes which are suspended in the furnace. Messrs. Beckman and Linden, 
who built and operated the plant at Bay Point, consider that furnaces of this type would give 
entire satisfaction for the production of pig-iron, and that such furnaces would have the added 
advantage that they could be employed at any time for the production of ferro-alloys. ‘These 
furnaces would undoubtedly be cheaper to build and the repairs would be less costly, but, on 
the other hand, they would also certainly be less efficient than the Swedish furnaces. Messrs. 
Beckman and Linden prepared for me an estimate of the cost of a plant of this type, having 
one 3,000-kw. furnace for the production of pig-iron and other smaller furnaces for ferro-alloys. 
I have changed a few of their figures to provide for the construction of two 3,000-kw. furnaces. 


7,000-kw. Plant for Pig-iron and Ferro-alloys. 


Two 3,006-kw. 3-phase furnaces, installed, including casing, electrode- 

holders, jib-cranes, regulators, and foundations ................. $ 30,000 
Seven 1,000-kw. single-phase, 33,000-volt primary, 60-cycle oil-insulated 

and water-cooled transformers, installed, with from 60 to 120 volts 

in 5-volt steps on the secondary side (one of these transformers 


is’ spare), at SGHOOLY. gis eee ie eee artic acd ev ee en eee betes — 45,500 
Two sets low-tension busses for 3,000-kw. ne, ANStALleG sem shee. 10,000: 
Two sets high-tension busses for 8,000-kw. furnaces, including oil- 

switches; switchboard; -andsmetersiss 0 en) cae nee ineneree. aitee are 12,000 
Three 3800-kw. furnaces, single-phase, installed, including casing, 

- electrode-holders, ‘and: regulating d@vice- 2% h..25 gimess wee eee ae 10,000 


Four 300-kw. 33,000-volt primary, GO-cycle, single-phase, oil-insulated 
and water-cooled transformers, installed, with a range of from 70 
to 100 volts in 5-volt steps on the secondary side ................ 10,000 — 
Three 50-kw. single- -phase, 60-cycle, 38,000 volts to 440 volts, air-cooled 
transformers, installed, with switchboard (to be used are indus- 


triak purposes, around’ plant) pee .ces see ee erie eines ee os ae ace 2,000 = 
One 25-kw. motor-generator set for regulators, etc., installed ....:.... 2,000 
Three sets low-tension busses for 300-kw. furnaces .............-.-- 1,500 = 


One furnace building, built entirely of reinforced concrete, including 
electric travelling crane, tracks, metal-handling equipment, etc... 45,000 


One transformer building, built entirely of reinforced conerete ........ » 18,000 
One shipping-store building of wood and stucco exterior finish ....... 7,000 
One laboratory with complete equipment ...............20ee0- ie aerate 7,500 
One store-room and change-room building, built of wood and exterior 
stucco finish, including steel lockers, toilets, wash-basins, and 
SHOWET-DATHS i. Vetere tee ons Rebar ac suisse Rone tee Rccsiehepeiiohe ste ancttey ae dee mai ieee 8,000 - 
One machine-shop ‘with=equipmient. 55 2. 2 Gikyes aiojene cost one, « one) eallesel ene Pee bG 10,000 
One OmecerDUIIGINE Sea eoewe cs Shde ue ROM ea eee nS Bria te : 8,000 
One gate-house with time-clock and time-keeper’s office ............ i 500 
Railroad-tracks, industrial track, ore-handling equipment, water- 
supply, sewerage, fence, and industrial lighting, ete. ............ 25,000 - 
and, 4 atres io cet: 2 eet eapeathn 5 PR oak ce cats, mck sre ete te er eaieeac re ae 4,000 
$246,000 


Engineering and contingencies, 20 per cent. . 2...) sco. eet eee eee 49,200 


Total of Beckman and Linden’s estimate ................... $295,200 


deaths ey = Ps i A eh tie 


BrOwghe: forward gee ly. ke Oe Frag elk! | Ac ae eee eae - $295,200 
Additional items— 

f Dock with unloading locomotive, crane, etc. ....... Ree ee Neca ory 30,000 

Shee Com StOFAC Eran te. hee uae sek. Ga eh a 2 8,000 

3- to 10-ton ladles for handling metal ...2.....0.. 0... eesee- ix 6,000 

HUES COTS STACK Me cern sida by ehroe Aly, witch shake ee aaa ofa, 25,000 

USE OE eth ROS a esa es aye oa MEE NAD re NR, OAC Cee, ee $364,200 


bay a total of $350,000. 
In the above list I have added to Messrs. Beckman and Linden’s estimate a few items that 
_ Should apparently be included. A dock and unloading plant would be needed for economical 
— operation on a large scale, a storehouse would be needed for the charcoal, and it will probably 
_ be desirable to use large ladles for handling the molten metal. In the plant at Bay Point the 
furnace gases escape and burn in the furnace- -room, creating a very serious nuisance. I would 
advise the construction of suitable flues and stack for the removal of furnace gases and the 
j collection of the dust blown out by the furnaces. These flues can be placed below the charging- 
platform. 
The above estimate represents the cost of a complete plant having one furnace making 
_ foundry iron for sale, a second making white iron for steel-making, and three smaller furnaces 
_ for ferro-alloys. As, however, we are considering in the first place the cost of production of 
_ pig-iron alone, I have rearranged the estimate for this purpose, so as to represent a plant 
Sot 9,000 kw. making foundry iron in three 3,000-kw. furnaces. This estimate should then be 
' comparable with the Swedish estimates for a 9,000-kw. plant. 


Beckman and Linden’s Estimate modified for a 9,000-kw. Plant making Pig-iron. 


(Wor details see previous estimate.) 


PEC CRO WOOT oy, HTN COS ya eadeec ele: Nove Pune tna. © oes Cee eee ess $ 45,000 
Eleven 1,000-kw. transformers (two spares) ............ees000> aoe 71,000 
LDN TECESELSCLOWELONSI ON DUSSES = sists ss. as oie Siyoetae ste agers tae Series gue ae otee 15,000 
Three sets high-tension busses)... ......«ceens + +8 nun STD ane eee 18,000 
MinreesOd-Kwitalraneslormers, eGo s,. 5 ois ameseboe a ehy eden kel elehenemerein sistas Mead 3,000 
One 25-kw. motor-generator, CE Shaye se Phi eee NG he Eee eb ome Dseotcte 2,000 
MOMENI COSI UML UIs. AUCs Uiste 5 (alnisits. tay aro eet Siey nannies tl wees coe seca eee 35,000 
OMe MATIC POGUE DUCTS 1. aes shane ied veswuame crete Meummenem eal direc pam anette We tharane 15,000 
GMOUSIIp MIMS SLOG Moris o.c sei coes «5 Sho. 7 5 ini eas HP ouatove summehanobons leg oiens nig eemekine > 7,000 
Orr om UN ON ALOT Vaekiaets tes cosieke tiers terse chaps | ssre eve meeps attend Seo henmese saa ecules suet eme mer ae ‘7,500 

CS BRO E ES COOTINE SY she 2.015 «cists o's. 4, ob, «4/95 aap aL oeg et inal ol ynoalal ote taladarar — 8,000 
COME iO MTC Oe sein hea aioe OE Gas Oe, hg Foe tue to ace nor Rolnhc lio’ 10,000 
MME MOTTE CMINITUC LINEN. Wires Yano clvbcls as a ayo ors aus eualedaueacen ccaReMMM ot ha tcNbcriersalemetenemels 3,000 
DT AGE TUOUISE Wo hat. oy tga tees dw ts Lie 5s jo tara ele 218 ames Oy oho gale eR leg an 500 
REVI CRAG KEE, B iic 2 Mos peotaoere SOK onion kao colo Gcor Hepeaioaenete st 25,000 
TEBE Ae oa os RE COR ci MSRP SENERE, oir rerPERIREY A O™. Crate rhe 5,000 

$270,000 
Engineering, etc., 20 per cent. ...... ER RS an ar) SOIC BO Tos OS CE 54,000 
Total from Beckman and Linden’s figures ................... $324,000 
Additional items— : 
HOR et Com crete melas. sjnls.4-> «0 Mgdehepeeelh PN isan “hej vaes of eae rae ree 30,000 
ier con by SHOLA SE: es oiieiafSene ances Sotto z dec Wie. oateyn 2s be hes Meet aires 8,000 
EEC LO SEOI WIA GUCSy auctedicesssus lore -.tsevoignewon ee -velteisie, stedeleiogelar ol atenseeWapetetens 6,000 
HAM REATUCL AS DAUCIK tetetecn eral eek ais, 2's crs) he |af tt sbegutiews aceuel oc ADS We fecha ota real Arcee CG) 
POLAT ch cgdusqoustel he Fe eee BTR hra hte ewe, Sage OC: aoe ceo 5a $393,000 


oe “The corresponding figures, derived from the Swedish estimate, were between $350,000 and 
600,000, but this does not mean that the Swedish furnace is the cheaper, as the estimates differ 
in completeness and are based on different conditions. We may, however, conclude that a com- 
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plete plant using 9,000 kw. for the production of pig-iron would cost about $400,000. It would 
appear certain that with an equal completeness of construction the Swedish plant would be 
somewhat more costly than the other, and for further calculation we may assume the cost of a 
Californian plant of 9,000 kw. to be $400,000, and of an equally complete Swedish plant $450,000. 
In order to obtain an independent judgment in regard to the general arrangement and cost 
of an electric-smelting plant in British Columbia, I discussed the design with Mr. R. H. Stewart, 
of Vancouver, and he contributed some general considerations in regard to the design and cost 
data for the general portions of ‘the plant, exclusive of the electrical furnaces and appliances. 


The design was for a plant of 20,000 horse-power (15,000 kw.) for the production of 100 tons— 


of iron daily and 20 tons of ferro-alloys. The plant was designed to handle daily the following 


quantities :— 


EMO OTTO yarn ce oie Sian Timea ee Oe Sues RSE ats Tot eae ae ee 
COB 1A Wg hot: Wh reac eer races eR An a ce ey elo aac olde ne 


QUAL EZ ae eeeseio tase a boes SS FOE Ohh ot Na oe ns oil ea a 
(Glihigeyealsmeey qe ERNIE 6-H ENaC Sdbis Goodin. 5 OS ORs Gb omc ube 
SGrap-steel = oa.25 oe. se arent eet at ale xe oemeetbeertia otra ete) aes | IRRSSa fo ROT Sa Tas CSS Tee 


sepa 


Although the plant as a_whole was based on a daily capacity of 100 tons of iron and 20 tons 
of ferro-alloys, the electrical and furnace equipment is only about half of this, corresponding to 
a consumption of 10,000 horse-power or 7,500 kw., and a production. of 50 tons of pig-iron and 


5 tons of ferro-alloys: provision being made for extension at a later date. 


The furnace building would be 50 feet wide, 30 feet high, and 150 feet long. It would 
contain along one long side two 38,000-kw. open furnaces for smelting iron ore and three 300-kw. 
open furnaces for ferro-alloys. On the other side of this wall would be the transformer building, 


30 feet wide and 30 feet high. The supplies of ore for the furnaces would be delivered by an ~ 


elevated track in front of the furnaces and level with the charging-platforms. ‘The furnace gases 
would be removed by flues below the charging-platforms. ‘The pig-iron could be tapped into large 
ladles and cast in sand or in a casting-machine or poured direct into a Bessemer converter for 
steel-making. The ores and other supplies coming by water would be unloaded into storage by 


a locomotive crane. The charcoal would need a- large storage-shed, perhaps 300 feet long and 


90 feet wide, which would contain a month’s supply, stored not more than 10 feet deep. 


The order of operations would be as follows :— 
(1.) Unloading from the dock directly into storage. 


(2.) Removal from storage, using the same crane, to crushing and sampling plant. 


(3:) Removal from crushing plant to the furnace charge-bins. 


(4.) Delivering from charge-bins over weighing-hoppers to the charge-cars and thence £9. the 


side of the furnace. 
(5.) Smelting for pig-iron or ferro-alloy. 


(6.) Molten pig-iron received in ladle and handled by crane to casting-bed or casting-machine 


or to steel-making furnace. ~ 
(7.) The slag would be received in a ladle and removed by a locomotive. 


The following is based on Mr. Stewart’s estimate for the cost of. buildings and general plant. 


Items for the furnaces and electrical equipment have been added from Messrs. 


Linden’s estimate :— 


Beckman “and 


20,000-h.p. Plant with 7,000 Kw. of Electric Furnaces and Bquipment. 


Mr. Stewart’s items— 


Locomotive crane, buckets, and grab-bucketS ....3....6.:..-0cesees $ 19,000 
DOGS SSRY7 AG iiss eats were meee alates ane: scope ornare 46 taf abet seh eas 1opeba alean sent heaht cisncys eee eats 10,000 
Plectrie locomotive, cars, and equipment for handling between the 
Whartvand tS 2CrUshime > PLA iw wicusps met eams a iekeliekstale ein tecbereleie: sens meeen 10,000 
Crushing and sampling, say ..... wR SCL ete et se orerh Reeiein es ieeaets AEE SIR ee PO) 
@Harcoalistorage Torsone MOM TNS AS UP yi mie crete fedoras rors el ee eee ettotict et sietetiens 8,000 
OGTTUCE*fOTUC OT. Uidara re Soh devas akale Shalem eee te seers ees etna cates ey re $ 64,000 


"Tk te ee ee 
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OT OUGRDALOU OUT UAG Tie ghee See, Bois TORS Be a SS $ 64,000 
Tracks, ete., for the above-mentioned CQUIPMEN Wy nial Nato aemeeeetaes Sees 3,500 
Pirie smagner- tom steel strap, Gt cosen. oor os vl eee 1,200 
Brora e esl Man eANeSOnOES. fy uidi sy ocihe ek we ReE babe) A es 3,500 
Storehouse for electrodes and other supplies, including a small crane. 6,000 

Six furnace charging-bins, including weighing-hoppers and Wiechantchl 
EOCUBES ES Mims nc hele eeu Kee LE TUE eae Pee EE kc oo ES ee 9,000 

Tracks, charge-cars, and locomotive, with supports for the overhead 
ED ACK qe apery ke sitet SPO ae oe EE oho ek Re os 2 oe ees ee 10,000 
Birnace building, inchidins: Crane Tunway . .ievses. oc eae week 25,000 
ran sroLmmer DULG ase ws. cela eve hes Poa TRNTO Uke. Aclk FoR eee eee 12,000 
et Ee bOLO- LOLITAS Baits ce even SAS I Wn le MENA CAMELS feNiw hid: Mae RIN eee OR i 6,000 
ee es’ ATMOS ATV WS CAUCE ge rate Moret ete | kate Aes ccate onde eod aA I take es vis RRC ae eae 25,000 
Behe? EPO CLANE MU LOOL BPATh usc. ec. Se. cela Mah ane) eee 18,000 
: ‘Za < Ma hertcoryoauUe edi PINeNG se .oilis. 4 osc Seo coe Laas DS ow CS 6,000 
SIbIIRE Sas CNA Gets A aan, mith in ae had en aR a eee ee ile So Renee 5,000 
Machimne-shoprandsblacksmil ths" Sho p= cs cue oe sls dss vee sea tere 12,000 
Via Shiro useran Oe clan SO-TO OM ieeyvais ccs sais ies ncla ovale 6’ ddasoda d taedheoe anata een 3,000 
Slee yer lanes Hanes hha OVE EKG balay Gal eS My Pata eye Se ees ee eae) aie PEN Dens celia) ne coe 8,000 

Items from Messrs. Beckman and Linden— 

vous UO-kswa-o- phase: turmaces. installed “aces. is cu. k oektee Sn ene 30,000 
Seven 1,000-kw. single-phase transformers ...........00deewensesvcce 45,500 
Two sets low-tension busses for 3,000-kw. furnaces .................. 10,000 
Two sets high-tension busses, ete., for 3,000-kw. furnaces ............ 12,000 
> ~_ Three 300-kw. single-phase furnaces, installed o.......00 cece eee ee 10,000 
OUI OOr Kwa MtrLastOrMeT Ss 1a Stalled =v .1s-¢titushetve cto. Merona laa etalseabe late ane 10,000° 
Three 50-kw. single-phase transformers ............... See lien Uae oat to 2,000 
One 25-kw. motor-generator set for regulators .2. 05. Sou cew ee cas cone 2,000 
Three sets low-tension busses for 300-kw. furnaces ...............-6- 1,500 
FUENTES AV MBER Rare of cree TalvaiteraRadec arcs roneacog es ang, oer ‘oraht abet oto oun) os, suede re Wsbetaumterenenc Tote SoM 6,000 
Engineering and contingencies, 20 per cent. on $129,000 ............. 25,800 
ee is IEC cee NR ee ee EE < SO OLR  FOEE Figsmae sense $372,000 


Modifying this estimate to Peneeeent a plant of 9,000 kw. making pig-iron only, we 


9,000-kw. Plant for Pig-iron. 


These figures agree with the previous estimate of $400,000. 


DESIGN AND Cost oF COMPLETE PLANT. 


Pe ichiating the cost of smelting pig-iron. 
in nature, as it would include furnaces for ferro-alloys and for steel- making. 


Such a plant, as has already been indicated, might suitably contain :— 
+. Pwo 3,000-kw. furnaces making pig-iron. 
Three 300-kw. furnaces making ferro-alloys. 


have :— 


VATE OIL VUEL I: Ge SHEER ITS eee... cietcnaveneas. SAL cease, cox iayetar operctins ane shodeme Mantel settee chenaian Tete $217,000 

PRO e a OOO Ie Ware TRA COS Pe uclslela iste) sia'a1eja ois: aueleher tein a avanemay eins sobs opal slate egeinene.s 45,000 
irewe tans QOO-lewe LRanSLOPMeTs coy ci. cure «oserry «minis eager cle Gre ohne eat tae eheior 71,000 
Bemearnrroe, sete LOW-COOSION: DUSSOS. Seed rec Delnic nn che Meme ee oe bade tates) ee LO, O00 
Geerlnree sets high-tension® DUSSES, ELC... 5 ce view syn @c) <i am oon no's inlet el slonesl one 18,000 
See ghree 100-kw. transformers. ...i..-..sc0dhs ce eeeee ae als sda OE 3,000 
o _ One 25-kw. motor-generators ...... 1. eee e ee eee teen eee ee eee es Aas Ne 2,000 
“Le eS ME SIN a earth mene irre eating ary AEE Ee Riek ots on 6,000 

3 Bngineering, ete., 20 per cent. on $160,000 21.2... . see eee ee eee eee 32,000 

i Mey Brulee ec Acie nN oer ue Se ea eee GIGI Geno “eS Ere So TL $409,000 


The foregoing estimates of the cost of a 9,000-kw. plant for making pig-iron are for use in 
Any plant actually constructed would ‘be more complex 
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This plant will produce daily about 25 tons of foundry pig-iron and about 80 tons of white 
pig-iron for steel-making, together with about 3 tons of ferro-alloys. The plant would cost in 
the order of $370,000. 

To make the plant complete and self-contained, there should be added electric or other 
furnaces for making steel, and a steel-foundry and rolling-mill for handling the steel so produced. > ~ 
I have obtained from Mr. W. G. Dauncey approximate figures for the cost of a steel-foundry 

and rolling-mill. This plant would handle in all about 50 tons of steel per day. 


Cost of Steel Plant. 


Main foundry building, including drying-ovens,. core-ovens, pits, 


moulds, and a 25-ton overhead crane and runway ............... $ 60,000 
Lean-to- building for furnhace-housei gales ee ee ashe eer teenie 12,700 
Three: G-ton (rated) electric furnacesm <n crnte oe ecient ieee 75,000 
Transformers and electrical equipment for three furnaces ........... 54,000 
One 9-inch rolling-mill, including building, one continuous heating- 

furnace, and three reheating-furnaces: ... 2... f2.c22ccass- eee ee 125,000 

TBOtAL eee Aa ere Re ke ae) Eee CEI ee ete eae eo See $326,700 


Only two of the electric furnaces would be in operation at any one time, and they would 
use between them about 3,000 kw., which would bring the total consumption in the whole plant 
up to about 10,000 kw. 

As an alternative to the above, Mr. Dauncey recommends a steel-foundry equipped with two 
oil-burning open-hearth furnaces, specified as follows :— * 

Two 15-ton open-hearth oil-fired furnaces; three 15-ton ladles; one 
overhead 25-ton travelling crane; twenty charging-trucks and 
boxes; storage oil-tanks and all necessary small equipment for 


handling 90 tons of steel per twenty-four hours ...............<+ $145,000 
Necessary buildings: for- the above ..:2.24..5....<. 00 Reeds Cee ae 35,000 
Wor 2 Datars Panera ar Pe wap ces ence ot nN ng ney “a Gant Un poh $180,000 


This second estimate is for steel-foundry only, without any rolling-mill, but, ,on the other 
hand, it has a capacity of 90 tons of steel in place of some 50 tons provided for in the first 
estimate. : : 

Collecting the figures together, we find for the complete plant :— 

7,000-kw. electric-smelting plant for making pig-iron and ferro-alloys.. $875,000 
3,000-kw. electric steel-foundry and rolling-mills ...................06 325,000 


Complete iron and steel plant ........ Sk Dink Ca aera aie eee $700,000 
The final daily product of this plant, after allowing for the use of pig-iron and ferro-alloys 
in the plant itself, would be about :— é 


Tons 
Foundry 21 S21 TON sez mpere hich. eehearasr ch oe kere ees ST ORTa ae cid cs AR tunis le tel meaeeareks 25 
Ferro-silicon, ferro-manganese, and ferro-chrome .............-....--+-++-e 2 ~ 
Steel! castings yand- rolled steel Waeeck c-<ra tek te eae ees ene re eee 50 


APPENDIX X. 5; 


THE COST OF MAKING PIG-IRON. 


Although the output of foundry iron for sale will be only 25 tons a day, a further 25 or 30 
tons of pig-iron will be made for conversion into steel, and additional power will be used for : 
steel-making and the production of ferro-alloys. Instead, therefore, of calculating the cost of P 
producing iron in a plant of 25 tons daily output, using some 3,000-kw., we may fairly figure : 
on a plant of three times this capacity, or 9,000 kw., with a production of 75 tons of foundry i 
iron daily. ; 
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_ The main items of cost in the production of foundry iron are:— 
Tron ore of about 55 per cent. costing $4 per net ton. 
Charcoal costing $6 to $8 per net ton. 

, Electric power, labour, and management. - 
on: _ It was understood that electric power could probably be obtained for about $15 per horse- 
oe power year, and the following calculations were made on that assumption. It now appears that 
a charge of 0.5 cent per kilowatt-hour would be made for electric power, and a calculation on 
_ this basis is given towards the end of this Appendix. 

The cost of labour is discussed in Appendix VII. and in the following pages; it appears to 
vary from about $4 to $8 per ton of pig-iron, according to the size and nature of the plant, and 
- with the probable variations in wages. 

The following discussion is based on the production of foundry pig-iron by the usual electric- 
smelting methods in furnaces of the Swedish or of the open-pit type in a plant having a total 
_ production of 70 or 80 tons daily. The cost of making electric-furnace iron by a method involving 
the preliminary reduction or metallizing of the crushed ore is discussed in Appendix XII. 


Cost WITH THE SWEDISH FURNACES. 


: I have received from Messrs. Hlectro-Metals, of Sweden, the following estimate of the cost 
of a ton of pig-iron made in a six-furnace plant of 60,000 tons per year. I quote this unaltered, 
for interest, as showing the cost at which electric-furnace iron can be made under exceptionally 
re favourable conditions :— 


al, ME UOMIS RO HOTON AE Hhils nalayerenes sete ue rs src ed ta MME gen ok attebiorote cholic RPS ee mene ok $ 1 50 
ee OF PtOnMOLeladmMe. ab, pilvas sere o eersyeiees EB RARE enced ica ohio OBR 50 
i BO Sar Omro li Cha LCOd ls Ata GGiss elctea it nin ext ct wey che os Me eer eA ata 2 00 

OS Dot Electrodes “Aad COULS Ms Beaverton a se wate aru. sah ets Roepe nun te cod naa erst tees 50 
Hlectriescurrent at-$8. per horse-power years. §..% 2s Weuncte. «de ak cle es 2 50 
TCD ALES KAT! MATT TENA NCC Civ aen ecattics leila ice taro. cy cet aaete es Istaledy, Se aenWee er onatte rete 50 
NEED O UTP acaieg eset 8 se oee oak S ROTM TN Ow or Sudo: SNS RERMEL NO ook. bes PROMOS or Sua Rea STP MOREE 2 00 
VDA A OTIICT lets vis cys seternder tie aha. hee etieker's Fi evens os ptegtie tate caas dale deltteare Belen on seleaenenc ote 1 00 
EAT ORES EAN Ci GED CCLUTLOM Pe sternelisalel s nce oor ter ee 2 « o MRR pe aye at eee reer etere 1 00 

italy COsteperetort. Of Dig". ss .-.1 Seen, sues Gee ea canteen $1750 


: Tn this estimate the word “ton” probably denotes in each case the metric ton of 2,204 lb., 
_-which is nearly the same as the gross ton of 2,240 Ib. 

were The corresponding figures in British Columbia, in view of the leher costs of ore, power, 
supplies, and Jabour, the smaller scale of the plant, the lower grade of the ore, and the 
- production of foundry iron instead of white iron, would be about as follows for 1 gross ton 
of iron in a plant of three 3,000-kw. furnaces making 27,000 tons of iron per annum :— 


ri PEO eOTSTULcOre Ht S4ss ois. a bs wi Bees se Re Lee ee $ 8 00 
Seed net-ton. of charcoal at $8.0... ..5.. 0p yest. vos beds Sa Rae les at SAP O0) 
EMME Thc clecttodes: at 8 cents ss aul i udeteg toes othe yuo oe ee 1 20 

0.45 horse-power year at $15 ........... Sbladen A cowie oMctcr Ure Cosme 6 Td 

Mehepairs and MaAiMtenance . bs eels» aismuetes «uote s oe mel abel Sia Sis geass 1 00 

TOGUO OES Ae aR Rar orn Raina Wiig NDE “lot acu hgh nicl Cycro ai ood ten 4 50 

MEA MMOOTIOTI IS oc PF cai vowels eR ees, leva + ste aaroneian, Memarten ale i ohe S soot dt mg Manes aie 2 00 

Interest 6 per cent. and depreciation 10 per cent. .................. ae 2 60 

Royalty. to Blectro-Metals ......... cece eee cece ee cee eee reer cece ences 50 

Ny eee | OS oe ee ea ert iI eearrA gta Moir cin Scar o> otto’ $29 75 


It appears that by this system foundry iron.can be made at a cost of about Oe per ton. 
In regard to these figures it will be noted :— ps% 
4 (1. ) That the charge for ore ($8) is high, partly because of the high cost per ton of the ore; . 
= Ps cost could probably be reduced to about $3 per ton of ore if the iron-mining industry should 
in the future develop on a larger scale. The charge is high, also, because the ore is low grade, 
he containing about 55 per cent. of iron, so that 2 tons of ore are needed to yield 1 ton of pig-irom. 
of: it were possible to obtain a 65-per-cent. ore at $3 per ton, the item of $8 for ore would be 


; Bietecca to $5. 


L 70 Bureau oF MINEs. ; BP 1919 


(2.) I have assumed elsewhere that charcoal could be made from mill-waste at from $6 to 
$8 per ton. For the open furnace I take the lower figure of $6, but for the Swedish furnace, 
which requires a better grade of charcoal, I am taking the higher figure. I see no prospect of 
a material reduction in this item. The amount charged (0.4 ton) is higher than in the previous 
table, partly on account of the production of foundry iron instead of white iron, and partly 
because charcoal is weighed by the short ton and pig-iron by the long ton, while the original 
estimates are doubtless based in each case on the metric ton. 

(3.) The electrode-consumption has been increased in view of the production of toundey. iron, 
and the price is that at which electrodes can be imported from Hastern makers. It is possible 
that by making electrodes locally the cost could be reduced to 4 cents a pound, thus reducing the 
item from $1.20 to 60 cents per ton of pig-iron. 

(4.) The charge of $2.50 for power, estimated by the Electro-Metals Company, corresponds 
with a consumption of 0.381 horse-power year per ton of iron. This figure must be raised by 
about 0.05 on account of the lower grade of ore, and a further 0.05 on account of the production 
of foundry iron, thus making 0.41; 0.45 appears to be as low a figure as it is safe to assume 
under these conditions.* If in the future power could be obtained at $10 per horse-power year, 
the item of &6.75 would be reduced to $4.50, effecting a saving of $2.25 per ton. 

(5.) The items for labour, management, and maintenance have all been increased from the 
Hlectro-Metals estimate in view of the high cost of labour and salaries at the present time. 
It does not seem likely that any material reduction in these items can be expected during the 
next five or ten years. 

(6.) Interest at 6 per cent. was calculated on the cost of the plant, $400,000, and a working 
capital of $100,000; and depreciation was calculated at 10 per cent. on the cost of the plant. 
The output was taken at 27,000 tons per annum. Royalty to the Electro-Metals has been 
assumed at 50 cents per ton, but I have no grounds for this figure. 

(7.) If the economies indicated in (1), (8), and (4) could all be carried out, the cost of 
making pig-iron would be reduced to about $24 per ton. In view of this, it would appear that 
a plant making pig-iron in the Swedish furnace with $10 power should be able to continue to 
operate at a profit even when prices fall considerably below their present level. 

The following details of the cost of making electric-furnace iron (probably white pig-iron) 
at Gellivare, in North Sweden, are contained in a report by J. A. Leffler, which appeared in the 
Iron Age, September 13th, 1917, page 605. I have changed the items from English to Canadian 
money. 3 e, 


Cost of One (Metric) Ton of (White) Pig-iron. 


1.6 (metric) ton of ore (50 per cent. ore and 50 per cent. briquettes) 
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Comparing my estimate for present conditions in British Columbia, it will be seen :— 

(1.) That we have to face an increase of $3.62 on the cost of ore. 

(2.) The consumption of charcoal is taken as the same amount, but we should obtain 
charcoal more cheaply, thus saving $1.80. \ 

(3.) My power assumption is 0.085 horse-power year more than the above. This is justified 
by the lower grade of ore used and the higher grade of iron to be made. This difference, together 


* A discussion of the power-consumption will be found in Appendix VIII. 


: feats for power. 
(4.) Hlectrodes cost 76 cents more on account of the greater consumption and the higher 
price. 
(5.) Repairs and maintenance are only 12 cents more. 
- (6.) Royalty is assumed at 16 cents more. : 
(7.) Interest and depreciation in my estimate come to 36 cents more than the charges for 
sinking fund and “rents” in the Swedish estimate. 

(8.) Labour and management come to $6.50 in my estimate, but only $2.10 in Sweden. 
This difference of $4.40 is due partly to the smaller scale of the proposed plant, but mainly to 
the very much higher scale of wages and salaries now obtaining in British Columbia. 

It will be seen that the increased amount of my estimate (about $10 more than the Swedish 
cost) is due, in about equal proportions, to the increased charges for ore, power, and labour. 


MAGNETIC CONCENTRATION OF THE ORE. 


It may be worth while to attempt an estimate of the results of concentrating the ore before 
smelting it, so as to find whether any economy may be expected to result from this operation. 
Assume the ore is a magnetite containing 50 per cent. of iron and costing $8 a ton at the 
concentrating plant, with a further charge of $1 per ton freight to the smelter. The cost, using 
ithe undressed ore, is $8.80 per ton of pig-iron, as 2.2 net tons of ore would be needed. ‘The ore 
is crushed to a coarse powder at a cost of 50 cents a ton. One ton of the crushed ore will 
probably yield 0.6 ton of 70-per-cent. concentrate and 0.4 ton of 20-per-cent. tailings. The con- 
- centrate is sintered with cheap fuel on the Dwight-Lloyd machine and the briquettes shipped to 
the smelter. The cost of dressing and sintering will be about per ton of the concentrate. 
The cost of the product per ton of pig-iron will be:— 
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Ee ‘It does not appear, therefore, that a great saving could be effected by dressing a 50-per-cent. 
: ore if crushing and sintering were necessary, though Messrs. Beckman and Linden consider that 
a net saving of nearly $3 per ton could be effected in this way. I may add that for this calcula- 
tion I have assumed that the operation of sintering would remove the sulphur so completely that 
a would not be Oe ape uO. form a slag ne its removal, ee also at a white iron would bg 


pour silica for the Dis of eee iron. 
Although the above calculation shows only a small saving by the concentration of a 
-per-cent. iron ore, it is possible that a more important economy could be effected by 
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PRODUCTION OF F'OUNDRY IRON. 


On account of the fact that the Swedish furnace is generally. used for the production of a 
white pig-iron containing not more than about 1 per cent. of silicon, we have no exact data for 
the production of foundry iron of, say, 3 per cent. of silicon in this furnace. We are satisfied, 
however, that there would be a decided increase on this account in the cost for power, charcoal, 
electrodes, and maintenance, besides the general overhead, labour, and interest charges. In view 
of this, it is worth while to consider what the cost would be of converting white iron into foundry 
iron by the addition of ferro-silicon. One ton of iron containing 1 per cent. of silicon would need 
the addition of 0.04 ton of 50-per-cent. ferro-silicon to raise its silicon content to 3 per cent. 
This ferro-silicon would cost, made in the plant, about $85 per ton, or $3.50 for the amount 
needed. : 

If the pig-iron were received in a large ladle and the ferro were thrown in red-hot, there 
should be enough heat to effect a perfect mixture; and as the iron is cast into pigs for sale, 
and then remelted in a cupola, any irregularity would be remedied before the final casting. 
The saving in the cost of smelting through producing white iron instead of foundry iron would 
about equal the cost of the ferro-silicon, and there would be the added advantage of making a 
single furnace product and turning as much of this as was needed into foundry iron. 

Mr. Gronwall, in his estimate made in 1914, places the difference in cost between grey and 
white pig-iron as :— 

0.03 ton of charcoal. 
0.03 horse-power year. 
5 lb. of electrodes. 
10 cents for repairs. 
7 cents for petty charges. 
Under our conditions this would mean :— 
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We must add, however, a proportion of the charges for labour, management, and fixed charges 
amounting to about 60 cents, thus bringing the whole up to $1.90. The additional expense may 
easily be as much as 0.05 ton of charcoal and 0.05 horse-power year, and the increased cost 
would then be about $3 a ton (everything considered), or nearly as ‘much as the cost of the 
ferro-silicon addition. 

The ferro-silicon used was found to cost $3.50, but, as it replaces an equal weight of pig-iron 
costing $1, the net cost of the addition will only be $2.50 per ton of the resulting foundry, iron. 

The foregoing discussion is not intended to prove that the addition of ferro-silicon to white 
iron is the best way of making foundry iron, but merely that the use of the Swedish furnace 
for foundry iron would be perfectly safe, because ferro-silicon could be added without much 
additional expense if it were found impracticable to make foundry iron directly. 


~Cost OF SMELTING IN SIMPLE PIT FURNACE. 


The following is an estimate of the cost of making a ton of foundry iron in a 3,000-kw. 
furnace of the simple pit type. This estimate has been prepared by Messrs. Beckman and 
Linden, depending on their commercial experience of the production of ferro-manganese in 
such a furnace. As, however, they have no data with regard to the produetion of pig-iron, 
they have accepted my figures for the probable*consumption of power and charcoal in such a 
furnace. These assumptions, which are based on calculation, are that the open furnace would 
need 0.50 horse-power year of electric power, which is 0.05 more than I allowed for the Swedish 
furnace, and 0.50 ton of charcoal, which is 0.1 ton more than I allowed for the Swedish furnace. 

Messrs. Beckman and Linden argued, from general considerations, that the open furnace 
would be at least as economical of power as the Swedish furnace, but were not prepared to 
guarantee such a performance. I do not think it will be safe to assume any better figures than 
those I have given until the performance of this furnace has been demonstrated in commercial 


interest are probably too high, Reoauice eye are considering a single 3,000- kw. Rte wills 
the plant we have in view will employ about 10,000 kw. The output of the single furnace is 
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If we are considering, this furnace as a unit in a plant of 10,000 kw., it seems probable that 
the cost of labour would be about $6, the general expenses $3, and the interest and depreciation 
$3. With these changes the total cost would be reduced to $33.50, or about $4 more than my 
estimate with the Swedish furnace. 

Messrs. Beckman and Linden consider that using 50-per-cent. ore at $4 they could obtain 
a 65-per-cent. concentrate at $6.45 per ton, including the cost for concentrating and sintering 
of $1.25 per ton of concentrate. Using this concentrate, they estimate the following, assuming 
an output of 10,000 tons per annum from a 3,000-kw. furnace :— 


Beckman and Linden’s Estimate of the Cost of Foundry Iron from 65-per-cent. Concentrate. 
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This estimate shows a saving of $3 as compared with the cost of smelting the undressed 
ore, but I am doubtful whether so small a degree of concentration would do more than barely 

pay for itself. Thus, even assuming the small cost of $1.25 per ton of concentrate to cover the 
- ¢rushing of the ore, the magnetic dressing, and the sintering of the concentrate, it appears that 
Messrs. Beckman and Linden have figured on a perfect dressing, losing no iron in the tailings. 
If we assume the latter to contain even so little as 15 per cent. of iron, we would need 1.43 tons 
e. of ore for each ton of concentrate, which with the above charge would work out at $6.97 per ton, 
or $10.30 per ton of iron. The difference in power-consumption of 0.10 horse-power year per ton 
was deduced from my own figures, but is probably rather too high; 0.075 would be a more probable 
estimate. A mistake appears to have been made in the item for interest and depreciation, which 
can hardly be reduced from $4.50 to’ $2.81 by the increased richness of the ore. I believe it 
would be found in practice that the enrichment of the ore from 50 to 65 per cent. would not effect 


‘could be mined decidedly more cheaply per unit of iron contents than a 50-per-cent. ore, a 
concentrate of 65 per cent. or upw. ards could probably be made from this cheaper ore at such 
a price as to offer a material saving. It should be added that the whole of the foregoing discus- 


sion depends upon the ease 
concentrated. At peer! we have no information on this subject. 


bout 
peat hat, making reasonable allowance for vag the ore would have to contain a 
& 55 per cont. oe ee a orden. ‘that 2 net tons of it should yield 1 jong ton of pig-iron. 
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any considerable saving. On the other hand, as I show elsewhere, if an ore of, say, 40-per-cent. — 


and completeness with which the ores of British Columbia can be 
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An examination of the above estimate will show that the consumption of iron ore must be 
taken as 2 long tons of 50-per-cent. ore and 1.54 long tons of 65-per-cent. concentrate respectively 
per long ton of pig-iron produced. ‘They differ in this respect from my own estimates, which 
are in short tons of ore per long ton of pig-iron. My estimates were made in that way because 
the cost of ore, charcoal, ete., in British Columbia is quoted on the short ton, while pig-iron is 
always sold by the long ton. 

For the purpose of this report, I furnished Messrs. Beckman and Linden with the following 
estimate of the commercial consumption of power and charcoal per long ton of foundry pig-iron 
made in an open-pit furnace. This estimate may be regarded as too conservative, but I have no 


data on which I could base a closer estimate. oe Net Ton 
White charcoal iron from 65-per-cent. concentrate ......... 0.35 0.45 
White charcoal iron from 50-per-cent. iron ore ............. 0.45 0.45 
Grey charcoal iron from 65-per-cent. concentrate ........... 0.40 0.50 
Grey charcoal iron from 50-per-cent. iron ore ..........:... 0.50 0.50 


I have no reason for doubting the general correctness of these figures, which, of course, will 
yary with the size of furnace and operating conditions, but for purposes of comparison I would 
alter the power-consumption assigned to items 2 and 3 so as to make-them equal. Thus the 
power-consumption for white charcoal iron from 50-per-cent. ore and for grey charcoal iron from 
65-per-cent. concentrate would each be 0.42 or 0.48 horse-power year. 


COMPARISON WITH BLAST-FURNACE METHODS. 


It may be of value to compare with my estimate of the cost of making pig-iron in the Swedish 
furnace the following estimates by the B. L. Thane Company of the cost of making pig-iron in 
a large blast-furnace near Puget sound at 1918 prices :— 


B. L. Thane Company's Estimate of the Cost per Long Ton of Blast-furnace Pig-iron. 
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(1.) The charge for iron ore, $6.81, is less than my estimate of $8, merely because the ore 
is assumed to contain 65 per cent. of iron, whereas I have been advised that it will not be safe 
to assume more than 55 per cent.; the price per ton of ore being the same ($4.40 per long ton 
instead of $4 per short ton). 

(2.) The charge for coke, $11.93, is more than thé combined charges for charcoal, electrodes, 
and power, $11.15. 

(3.) The capital charges are nearly the same, $3.40 and $2.50, or including the royalty, $3.10. 

(4.) The electric-furnace estimate is higher than the other on account of the heavy charges 
for labour, $4.50, and management $2, compared with the single item of $1.50 for labour in the 
blast-furnace plant. ‘This difference is caused mainly by the difference in the scale of operations ; 
a coke blast-furnace turning out at least 300 tons of iron daily, while the electric furnace would 
scarcely make 30 tons. 

In conclusion, there does not appear to be any cause, other than the different size of the 
furnaces, why electric-furnace iron should cost more than blast-furnace iron under the conditions 
we find on the Coast, and providing that power can be obtained at $15 or less. 

Two other estimates by the B. L. Thane Company place the consumption of coke at 2,240 Ib., 
costing $7.13 per net ton of coke or $7.98 per ton of iron, and at 2,625 Ib., costing $12.20 per net 
ton of coke or $16 per ton of iron; the total cost of a ton of pig-iron coming to $22. and $30.02 
respectively. } 

Since the above was written I have received a letter from the British Columbia Electric 
Railway Company, which is reproduced in Appendix IV., stating in effect that they would supply 
large blocks of power up to 10,000 horse-power in the neighbourhood of Vancouver for a charge 


ot 0.5 cent per kilowatt-hour. This charge is so high as to render impossible any large-scale 
etn of electric pig-iron in the Swedish or open-pit furnace, and unless some other method 
_ can be devised that will need decidedly less power, all that can be done will be to make a small 
amount of pig-iron during the present period of extreme high prices. In view of the necessarily 
temporary nature of such operation, it would be impossible to install a plant of Swedish furnaces, 
and we can only consider the simple open-pit furnace, because, although it uses more power 


to the production of ferro-alloys, or even replaced by electric steel-making furnaces, when the 
_ drop in the price of pig- iron shall render its production impossible. 

In calculating the cost of making iron in the simple pit furnace with power at 0.5 cent, 
I must, for comparison with the previous instances, convert this figure into a charge for the 
horse-power year. For this purpose I shall assume a load factor of 85 per cent., which provides 
for stops for repairs, as well as the usual degree of irregularity of power. On this assumption 


plant of 10,000 kw. would be about as follows :— 


Cost of One Long Ton of Foundry Iron using 0.5-cent Power. 
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With so high a charge for power the operations would probably be on a smaller scale, and 
_ it would be inexpedient to-install as much labour-saving appliances, so that the cost would agree 
~ more closely with Beckman and Linden’s estimate of $39, corrected for the higher price of power. 
This would come to $45.40 per ton of pig-iron. Thus it appears that unless cheaper power can 
be obtained the cost of making electric pig-iron in British Columbia will be in the order of $40 
_ to $45 per ton. 

pe The British Columbia Railway Company offer 2,000 kw. of $15 power on Vancouver island, 
put this does not improve the situation materially, because the scale of operations would be so 
R small that the cost of a ton of iron would certainly be in excess of $40. 

It should also be noted that the above offers of power carry some restrictions with regard 
to the company’s peak-load periods. I have no particulars in regard to this, but no doubt it 
would further increase the operating cost by reducing the output from a given electrical plant 


and staff. 


APPENDIX XI. 


REPORT BY MESSRS. BECKMAN AND LINDEN. 
Intropuctory Nore sy Dr. STANSFIELD.. 


- When undertaking the present investigation I considered that it was very important to 


the more suitable under the conditions existing in British Columbia. 
- - IT was familiar with the Swedish furnaces, but not with the Californian furnace, and I there- 
fore visited San Francisco and Heroult. At San Francisco I met Messrs. Beckman and Linden, 


an engineering | firm who have specialized in electric smelting and had recently erected a plant 
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per ton of pig-iron, it can be installed more quickly and more cheaply, and can easily be converted | 


the horse-power year would cost $27.80. The cost of making a long ton of foundry iron in a. 


- decide whether the high Swedish furnace or the simpler pit furnace used at Heroult would be — 
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for the production of ferro-alloys at Bay Point. Mr. Beckman is familiar with conditions in 


Sweden.as well as in California, and I therefore discussed with him the design of furnace and | 


plant for the production of pig-iron. In spite of his knowledge of the Swedish type of electric 
furnace, Mr. Beckman concluded that a simple pit furnace of the kind used for making ferro- 
alloys would, on the whole, be better than the Swedish furnace for the conditions in British 
Columbia. Such a furnace is substantially the same as the furnace that has been used at 
Heroult, with the exception of the roof and charging-chutes. In view of Mr. Beckman’s knowl- 
edge of Sweden and California and of his experience in designing, erecting, and operating the 
plant at Bay Point, I asked him to prepare a design for an electric-smelting plant in British 
Columbia. The general outline of the plant was arranged between us, and I furnished him 
with the necessary data in regard to the nature and cost of the ore, charcoal, power, and labour. 
I understcod that he would give an estimate for the consumption of power and charcoal per 
ton of pig-iron, but Mr. Beckman finally decided to take my figures for these items as the basis 
for his report. 

I had in mind at that time a plant which would contain :— 

Three 3,000-kw. furnaces for smelting ore. 
Three 300-kw. furnaces for smelting ferro-alloys. 
Two 1,500-kw. furnaces for making steel. 

At first, however, the building was to be large enough for two 3,000-kw. and three 300-kw. 
furnaces; and only one of the 3,000-kw. furnaces, together with the three 3800-kw. furnaces, 
were at first to be installed. Unfortunately, Mr. Beckman based his design of the plant and 
his estimate of the cost of making iron on the smallest equipment considered, which was only 


intended to be temporary, and on this account his estimate of the cost per ton of making pig-iron — 


is higher than necessary. 


ELECTRIC PIG-IRON IN BRITISH COLUMBIA. 


REPORT, BY BECKMAN AND LINDEN HEINGINEERING CORPORATION, SAN FRANCISCO, JULY, 1918. 
GENERAL REMARKS. 


The following report is made at the request of, and is based upon figures which have been 
supplied by, Dr. Alfred ‘Stansfield, of McGill University, Montreal, and has reference to a 
possible pig-iron industry in British Columbia. All of the conclusions reached are based upon 
and deduced from information received in this manner. 


LocATION oF PLANT. 


In British Columbia there is available a considerable amount of developed hydro-electric 
power and also a large amount of power which is awaiting development. It would be considered 
advisable in connection with this investigation to locate the proposed pig-iron plant at a place 
where already developed power is available, and in such locality that the raw materials essential 
in this industry are obtainable with the least effort. We may take, for example, such a point 
as Port Moody, approximately ten miles distant from Vancouver. This community has ACCESS 
to the Canadian Pacific Railway and also deep-water facilities. The British Columbia Electric 
Railway Company, Limited, have transmission-lines already in Port Moody. Port Moody has a 
small electric furnace operating for the manufacture of other products, which would facilitate 
the obtaining of labour to some extent for the undertaking along the lines suggested. 


1 


GENERAL OUTLINE OF PROJECT. 


It is a well-known fact that in Sweden great quantities of pig-iron are manufactured by 
means of reducing iron ore in eleetric furnaces, utilizing charcoal as reducing agent. The 
conditions existing in Sweden and those existing in British Columbia are very similar. It 
therefore suggests itself that the manufacture of pig-iron in British Columbia should offer 
opportunities similar to those in Sweden. The project here would be based on four units. The 
first to be installed would consist of one 3,000-kw. furnace and possibly three 800-kw. single- 
phase furnaces; the former furnace for the purpose of manufacturing pig-iron, and the latter 
furnaces for the purpose of manufacturing ferro-alloys, such as ferro-molybdenum, ferro-chrome, 
ferro-tungsten, and others. The next step would be the addition of a 5,000-kw. furnace for the 
manufacture of pig-iron, or it might be thought more advisable to put in a 10,000-kw. furnace 
for this purpose. The difference in operation and equipment between a 3,000-kw. and a 5,000-kw. 
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mace is not very material and would only involve an increase in pecanction while the opera- 
tion and equipment of a 10,000-kw. furnace would be materially different and a distinct develop- 
Tar 1ent over a 8,000-kw. furnace. Of course, the investment on a 10,000-kw. furnace would be 
; considerably - greater than on a 5,000-kw. furnace, and on that account it might be considered 
advisable to take an intermediary step. The furnaces would be built in such a manner that 
they could easily be adapted to manufacturing other alloys, such as ferro-silicon. The purpose 
of this would be to make the plant as flexible as possible, so that in ease the price of pig-iron 
went down the plant could be used economically for other purposes. 


RAw MATERIALS. 


In the manufacture of pig-iron the essential raw materials are :— 
' A, Cheap electric power. 

B. Iron ore. 

C. Reducing agent, such as charcoal. 

D. Fluxing agent, 

H. Electrodes. ¢ 
A. Hydro-electric Power.—The amount of power necessary to produce 1 ton of pig-iron in 
the electric furnace is dependent to a great extent upon the purity of the ores. The iron ore 
which is available for this undertaking would consume approximately 0.5 horse-power per year 
per ton of pig-iron. In case the ore was concentrated up to 65 per cent. iron content, it would 
take 0.4 horse-power per year per ton of pig-iron. It is apparent from the following cost data 
that the power cost is one of the large items, and to make such an undertaking successful it 
is essential that low power prices are obtainable. It is understood that the British Columbia 
Electric Railway Company, Limited, has available 10,000 horse-power, 60-cycle power, that could 
be put into service immediately. Later developments of this industry would necessitate the. 
development of new hydro-electric power sites in close proximity to raw materials. 
B. Iron Ore.—The raw material on which the whole industry is based is the iron ore. There 
are a number of iron-ore deposits in British Columbia on the mainland, as well as on the islands, 
and it would be a question of its availability to Port Moody which would partially govern as 
to its use in this undertaking. ‘The ore which has been suggested is a magnetite ore containing 
lime-of an average analysis of :— Per Cont! 


1GQO 7 S aes ere Betrcate erie re WAT Pein os ee Ne nck oR WG 50 to 55 (We,O0, 69-76%). 
SU @AtmmE Tecan ste Wess s sdorom ES ee eres heer ER Ror a ths le i OS, ; 
PAUIUI TAM Neh Memereee ERAS hares slicer c¥erarecsrslplecel's PR er Pcie sate cteeet ee 4 
; LOS DITOI Seeders setts ele, aie > NP rar racett rfc, Aiea OMe 25) 0.02 
SONU OLIND HN Re «8 tae eee eS at Seah dead vant ee Saas 0.1 
Calcium carbonate, etc. ........ a he tee CL aU aa Ci Rae 15 tod 


A The ore is claimed to be practically self-fluxing and would on that account not necessitate 
the use of any fluxing agent whatsoever. In a general way this ore is low in its iron content for 
a very successful pig-iron operation. If there were some ore of higher grade available and at 
a low price, it would be strongly advisable to consider these deposits in preference to the iron 
‘ore under discussion. ‘There is, though, a means by which this ore could be brought up to a 
higher degree of purity, which would involve a concentrating plant and the sintering of the 
obtained concentrates. This would, of course, increase the cost of the ore and would give a | 
higher iron content of ore material to work with, which would increase the output per horse- — 
a ewes year in the electric furnace. It would therefore appear that, if no other ore is available, 
m3) concentrating plant would be advisable. 
C. Reducing Agent.—In the Swedish practice where electric pig-iron is produced charcoal 
; is used as a reducing agent. This is obtained as a by-product from the large lumber and timber 
: operations in Sweden, where pine, spruce, and fir are handled, and there is no timber operation 
in Sweden of any kind where the refuse is not turned into chareoal either in a by-product 
- eharcoal-oven or by pit-charcoaling. British Columbia, as we understand it, has large timber 
a ‘ operations, as well as large stands of timber, that in many cases are worthless for timber 
a - purposes. These waste lands might be gone over and the timber turned into charcoal, as well 
aS by-products, such as alcohol, acetic acid, ereosote-oil, and also turpentine. The creosote-oils 
are used extensively in flotation purposes where the metal values are. separated from the gangue. 
~ Charcoal obtained in such a manner,.either in by-product coke-ovens or in pit-charcoaling, 
ey contains approximately 73 per cent. fixed carbon. 
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British Columbia holds in its bituminous-coal deposits another reducing agent that under 
special conditions may be used to advantage. It is high in ash and reported to contain 50 per 
cent. fixed carbon. 

It has also been suggested as a possibility to utilize some of the oil-wastes obtainable on the 
Pacific coast as a reducing agent in making pig-iron. This material contains practically no ash 
and about 70 per cent. of fixed carbon. 1 

D. Fluzing Agent.—As has been explained under the heading “Iron Ores,” the iron ore 
proposed to be used in this undertaking would not need any fiuxing material. Limestone, though, 
as a rule is used for this purpose, and is available at various points accessible to Port Moody in 
a purity suitable for this operation. - 

Hi. Electrodes.—All electric-furnace operations for the reduction of ores are dependent on 
the supply of electrodes. Hlectrodes are the means by which the electric current is made ayail- 
able in the furnace. There are plants on the Pacific coast which are manufacturing electrodes, 
and there are large manufacturers of electrodes in the Hast, both in Canada and the United 
States. It would seem as though an undertaking of this kind in British Columbia should depend 
upon its electrode-supply from a Pacific Coast source, and it would be advisable to make an early 
arrangement with the manufacturers there for this essential. 


GENERAL PLANT LAYOUT: 


The plant would be composed of the main furnace building, adjacent to which would be the 
transformer building. The furnace building would give ample space for the furnace and the 


necessary electrical connections, as well as the casting-floor on to which the pig-iron would be 


tapped. This building would have a big electric travelling crane and also the necessary tracks 


for the purpose of moving raw materials about and moving the finished products. The initial. 


size of the building would be one which could house a 3,000-kw. furnace and three 3800-kw. 
single-phase furnaces. Buildings, such as storehouse, laboratory, office, wash-house, etc., would 
be placed at convenient points on the ground. The necessary trackage would have to be laid out 
in the yards for the handling of all materials and incoming and outgoing shipments. Ample 
storage-space would be necessary in the yards for the storing of raw materials. There should 
be approximately sixty days’ supply of iron ore in stock, amounting to approximately 4,000 tons. 
Storage-space should also be provided for a large tonnage of charcoal. The amount that would 
have to be kept in storage would depend upon the physical conditions surrounding the plant 
and the accessibility to the charcoal-producing installations. It would be advisable to plan for 
the necessary roof-sheds to cover two to three months’ supply of charcoal. In case any fluxing 
agent should be needed, space should be provided for the storage of same. WHlectrodes could be 
stored in suitable numbers in a small building. To handle efficiently the raw materials and 
finished product from stock-piles to dump-cars, ete.,.a locomotive crane would be needed. 


TYPE oF FURNACE. 


The type of electric furnace in which pig-iron is made in Sweden has a close resemblance 
to the shaft-furnace. The shaft carrying the burden is supported by braces, and the reduction 
takes place in a big bowl at the bottom of the shaft, into which the electrode projects. There 
is a heavy strain on the structure in general, and the refractory roof of the furnace itself receives 
very severe treatment and frequently needs rebuilding. It has been carefully considered in this 
connection that it would be advisable to try out a simpler furnace very similar to those used in 
the manufacture of ferro-silicon and ferro-manganese—a simple 8-phase open-pit furnace. By 
installing this kind of a furnace and holding the Swedish shaft-furnace in reserve, if the tests 
work out as anticipated, a saving in installation will take place and a step forward will have 
been made in the manufacture of pig-iron. It is expected to produce in such a furnace grey 
pig-iron containing 3 to 4 per cent. carbon, 2 to 8 per cent. silicon, 0.05 per cent. sulphur, and 
0.5 per cent. phosphorus. If the results do not come up to expectations, the furnace can readily 
be adapted to manufacturing ferro-silicon or ferro-manganese and a duplication of the Swedish 
furnace can be installed. The Swedish shaft-furnaces are beyond the experimental stage, work- 
ing successfully day in and day out in manufacturing white pig-iron. Some trouble has been 
encountered in manufacturing grey pig-iron in these furnaces. The white pig-iron, though, is 
used very successfully in open-hearth furnaces and in eleetric steel manufacture. 
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Cost oF PLANT.* 
(At 1918 Prices of Apparatus. and Construction.) 


One 3,000-kw. 3-phase furnace, installed, including casing, electrode- 
holders, jib-cranes, regulators, and foundations ................. $ 15,000 
Four 1,000-kw, single-phase, 33,000-volt primary, 60-cyele oil-insulated 
and water-cooled transformers, installed, with from 60 to 120 volts 
in 5-volt steps on the secondary side (one of these transformers 


WEST AUTO: ) i eecct wrectet ores ce ake ea. wile Boas lade SE ose aes ee ne 26,000 

One set low-tension busses for 3,000-kw. furnace, installed ........... 5,000 
One set high-tension busses for 3,000-kw. furnace, including ae SW witches, 

SWLUCHDOARGE AM G,IMGLETS) Cts ters somes eater Wolke 8's ae eden ware ean eee oe 6,000 
Three 300-kw. single-phase furnaces, installed, including casing, elec- 

eS trode-holders,‘and iregulating device: roa. i jeac sso deg, 6s Eon be es 10,000 
egg i Four 3800-kw. 33,000-volt primary, 60-cycle, single-phase, oil-insulated 
z and water-cooled transformers, installed, with a range of from 

Es 70 to 100 volts in 5-volt steps on the secondary side ............. 10,000 
fr 2 Three 50-kw. single-phase, 60-cycle, 33,000 volts to 440 volts air-cooled 
transformers, installed, with switchboard (to be used for industrial 

WULDOS CS a ATO ts [LAIN Mersceieter seems econ shetwe ever aor chs wl oceans Weeaneh eae NTN ace 2,000 

One 25-kw. motor-generator set for regulators, ete., installed ......... . 2,000 

Three sets low-tension busses for 300-kw. furnaces ..............-.-. 1,500 
One furnace building, built entirely of reinforced concrete, including 

electric travelling crane, tracks, metal-handling equipment, etc... 35,000 

One transformer building, built entirely of reinforced concrete ....... 10,000 

One shipping-store buildiiig of wood and stucco exterior finish ........ 7,000 

One laboratory, withrcompleteequipimientimees oe-csisn sete licen ds eaves omtlene 7,500 


One store-room and change-room building, built of wood and exterior 
stucco finish, including steel lockers, toilets, wash-basins, and 


STOW. I= Peet li ors roy base eed ope pak ote oes he ee eee ko eee (wile: SNeRs teeachone “<j sfouet ey ate tes 8,000 
Onesmachine-shop: with: CqiipmES mt re eeecepalsy oes. < toa, eevee ele oe heuags acumen e 10,000 
Ome OL CO PALL LEG ones hecho tec cues ae waa am taret an ote ha vor altace cite rat cege errs naam 3,000 
One gate-house with time-clock and time-keeper’s office .............. 500 
Railroad tracks, industrial track, ore-handling equipment, water-supply, 

sewerage, fence, and industrial lighting, etc. 25.52.05. es ee 25,000 
PATI pA ACL OS a: wits scale cee eteie ones eon or eran Sas PERN. Te oeioliy feaeN she teat tay cohen wepemerees 4,000 

: $187,500 
Bneineeringvand, contingencies p20s per CeMta ya. . weteons oat ae seneweeee 37,500 
abo) tt eae at ee ee a eR tren ra RS Jt Ao og oe didn qiey $225, 000 


It is well to point out that the above figures cover the cost of a plant that is built entirely 
of permanent construction. Permanent-construction figures in the first cost are higher than any 
temporary work, of course; but due to the great fire risk of temporary work, such as wooden 
construction, it is deemed more advisable to make the larger initial ph en to cut down the 


maintenance cost of a temporary plant. 
The electrical equipment selected and put into this estimate is such that, according to our 


company’s line as high as from 90 to 92 per cent. 


Cost oF PRODUCTION. 


~ 


concentrated ore, assuming that the crude ore would be obtained in one case for $4 per ton, and 


*In this cost. estimate is not included ore-concentrating and sintering plant, nor charcoal plant. — 


experience with identical design and equipment, a power factor can be obtained on the power | 


Two sets of figures have been made out on the cost of production of pig-iron. The pig-iron | 
which is supposed to be produced is grey foundry pig-iron, and would have a market value of | fe 
$35 per ton at the plant. The figures which have been worked out are based on crude: orerandas > 


in the oe ease increased to $6.45 per ton by concentration. Another set of figures is based" Pepe 
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on price of crude ore at $1.50 per ton, and concentrated ore at $3.20 per ton. This includes 


the cost of concentrating and sintering, amounting to $1.25 per ton concentrate. The power is _ 


assumed to be delivered at the switchboard at $15 per horse-power year. The reducing agent— 
charcoal—is assumed to be obtained at a price of $6 per ton ($6 per ton being the price for 
British Columbia coal), and $7 per ton the price of oil-waste carbon. In the following figures 
charcoal only has been taken into consideration, though the amounts of the different reducing 
-agents needed to reduce 1 ton of 55-per-cent. ore are as follows :— 


: Tonite 
Charecal containing-73. per cent. fixed Carbon joan). = cuusnimisies see ckee eters 0.5 
British ‘Columbia coal,, 50%per cent. fixed (carbone... ce se cheeks cic ieeee 0.8 
Oil-waste:carbon,-70) per cent. fixed: carbons vermis setts een ee eae ers ieee 0.6 


In producing from an ore containing 55 per cent. iron, 2 tons per’ horse-power year is 
estimated as a safe figure upon which to base calculations. On ore containing 65 per cent. iron, 
2.5 tons per horse-power year production is assumed a safe figure upon which to base calcula- 
tions. It is evident from the above that operating with a 55-per-cent. ore in a 3,000-kw. furnace 
would give an annual production of 8,000 tons of pig-iron, while the annual production obtained 
in a 3,000-kw. furnace with concentrated ore would be 10,000 tons of pig-iron. The operation 
of the furnace would be continuous twenty-four hours’ operation and would be operated in three 
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shifts. The costs would be as follows :— 


$4 per Ton Crude Ore (50 Per Cent. Iron). 
Plectrie power, 0.5 h.-p. year at $15 per 


$6.45 per Ton Concentrated Ore (65 Per Cent. 
Iron). 


Electric power, 0.4 h.-p. year at $15 per 


DEVOUT. Pe aes coronene tice $7 50 hp weare, hea estan ee eae $6 00 
Iron ore, 2 tons at $4 per ton ....... 8 00 Tron ore, 1.54 tons at $6.45 per ton ... 9 93 
Coal, 44 ton charcoal at $6...05..0.-. 3 00 Coal, 4% ton chareoal at $6 .......... _ 3 00 
Electrodes, 20 lb. per ton of metal pro- Electrodes, 20 lb. per ton of metal pro- 

duced at 10 cents a pound ....... 2 00 duced at 10 cents a pound ....... 2 00 
dis) fee Wig ated CHA EO art btasry OHA Soe RR 8 8 00 Tos: OUT tostetn ea cists ce PSE UAT Gare cite 6 40 
S tip plies Sis aie ais hres oe eacieiere eee ae 1 00 Sup ples’ sin acteatel ssaitee © peas ee eae 1 00 
Plant and office general expense ...... 5 00 Plant and office general expense ...... 5 00 
Interest on investment and depreciation, Interest on investment and deprecia- 

AO MPEE CETL. Ml vessel coins ener 4 50 EIOTL? ee Saat ohare eee rat Saale ee naa ee 2 81 

(otal co aise eee Meee ae ta $39 00 Total ......... OTN ed Fo . $86 14 

Total Production, 8,000 Tons Pig-iron. Total Production, 10,000 Tons Pig-ironz 
Gross earnings at $35 per ton ...... $280,000 Gross earnings at $35 per ton ...... $350,000 
Cost to manufacture at $389 ......... 312,000 Cost to manufacture at $386.14 ...... 361,400 

Denier tt syttos en ea rae $32,000 ADE iRO cael Gey eee een asian $11,400 


“Crude Ore at $1.50 
Hlectrie power, 0.5 h.-p. year at $15 per 


Concentrated Ore at $3.20 
Electric power, 0.4 h.-p. year at $15 per 


es PeeWee eerie erin, s) co eek, cate eeeer $7 50 Tse VOL rw iene ee ihre wee et ee $6 00 
Iron ore, 2 tons at $1.50 per ton ...... 3 00 Tron ore, 1.54 tons at $3.20 per ton ... 4 93 
Coal, 44 ton charcoal at $6 ........... 3 00 Coal, 4% ton charcoal at $6 .......... 3 00 
Hlectrodes, 20 lb. per ton of metal pro- Hlectrodes, 20 lb. per ton of metal pro- 

duced at 10 cents a peund ....... 2 00 duced at 10 cents a pound ....... 2 00 
UNDE © ULI Serene Ne = le oo ee olis easheee al cits lenereee 8 00 TAD OUT Oh ease tia ete tat cred eee eitesics ©. one dieriees 6 40 
PLD DILLER ae srepet sea torre ene cencber cuca te eaote 1 00 SUPP LLCS ete apercte eaten rete eiehon ie seca ares 1 00 
Plant and office general expense ...... 5 00 Plant and office general expense ...... 5 00 
Interest on investment and depreciation, Interest on investment and depreciation, 

20) PEE ACON BME ice oo irae a erenauee 4 50 ZO". Per, Gen tals cee eres Oe alone 2 81 

Bo) WLI ee ce een eee Ay mayne «ns $34 00 A Wee? OMe patna) Bion anbiia 5 oar $31 14 

Total Production, 8,000 Tons Pig-iron. Total Production, 10,000 Tons Pig-iron. 
Gross earnings at $35 per ton ...... $280,000 Gross earnings at $35 per ton ...... $350,000 
Cost to manufacture at $34 ........ * 272,000 Cost to manufacture at $31.14 ...... 311,400 

Net .profite: 62a seen $8,000 Net nrotte anes snundtr rea $36,600 


It is from these figures very apparent that it would be impossible to go into the pig-iron 
manufacture using unconcentrated ores; while operating with concentrated ores at $3.20 shows 


a reasonable return. 
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ELECTRIC STEEL-FURNACE. 


It would seem as a logical arrangement in connection with the pig-iron furnace to establish 
an electric steel-furnace, in which special steel will be manufactured. There is no possibility 
at the present time for an iron industry on the Pacific coast to compete with Hastern production 
of heavy steel material. There is a field here legitimate and profitable to manufacture special 
shapes of light rolled metal, as well as steel castings. With all the mining industries going on 

_ in the West and with the ship-building industries growing out here at a pace, there is an urgent 
need for special alloy steel and special electric steel castings. The raw materials for the alloy 
steel are available on the Pacific coast and could be readily smelted and put into steel products. 
The material which comes out of the pig-iron furnace would be carried in a ladle in a molten 
condition to the steel-furnace, and in such a manner cut down the melting cost and refining cost 

-of the finished steel product. It is certain that better financial success would be made by 

installing an electric steel-furnace in conjunction with the pig-iron manufacture and a rolling- 
mill than by operating the plant exclusively on pig-iron. 


FERRO-ALLOY FURNACES. 


The three 300-kw. furnaces can ‘be used for the manufacture of alloys which could easily - 
be used in the production of steel. The operation of these furnaces could be carried on easily 
in conjunction with the large 3,000-kw. furnace. 


CONCLUSIONS. 


The foregoing report shows the following :— 
(1.)- That conditions in British Columbia lend themselves well to the manufacture of pig- 
iron under special conditions. 
'(2.) That the successful manufacture of pig-iron in British Columbia is dependent upon a 
low-priced iron ore. 
(3.) That British Columbia holds by virtue of its large supply of timber and its deposits of 
bituminous coal two reducing agents suitable for the manufacture of pig-iron. - 
Beta a (4.) That cheap hydro-electric power delivered at a figure not higher than $15 per horse- 
Es power year is essential. c ‘ 
(5.) That the concentrating and sintering of concentrates before the ore is used in the 
furnace is essential in the manufacture of pig-iron from British Columbia ore. 
(6.) That.a steel industry in conjunction with the pig-iron furnace and alloy-furnaces is a 
more advantageous undertaking than a pig-iron industry exclusively. 
BECKMAN & LINDEN HEXNGINEERING CORPORATION. 
‘ (Signed.) J. W. Beckman, President. 


Cost OF MANUFACTURING FERRO-SILICON. 

oe (Appendix to Beckman & Linden’s Report.) 

¥ In the foregoing report reference is made to the possibility of utilizing the furnace suggested 
there for the’ manufacture of ferro-silicon. The following figures would indicate the cost of 
producing 1 ton of metal and the returns which would be obtained :— 


Power at $15 per horse-power year... ....6.....0005% ae Sean eP RO ne cton as $15. 00 
> QuartZ,12,400 ID. at $5.60 Per LON eid mn seg Paes Meee y eric scaled ee ey Si 4 20 
ConA 2 IOSD ete sO pens LONe en ck iter tts = Seon Moy ieee ated eisbn aay ttee arene P ee es 3 63 

aries le OOO Mima bss: Oper SLOW yaiateccetareste eslor: aebeteccie ra eoectinrs Rant cuain Gases ina0 
Electrodes, 60 lb. per ton of metal at 10 cents per pound .............. 6 00 

TeeDOUT Waa welerey « SLE CCEA CeO Eh SO DNC) SCRA, RE ORDICRMEER RI (28 Neto Lanes: Sc UND Shae i 16 00 

STUD PELOS eee Mu eae te eeoue ie terete tacts voaey Macc cays ce ee lelale er Rete osie Me anoint geal a Rawals nae 1 00 

Piantard sofice SeneralwiexpenSe Mus nace scat erste eho one «meals hic emitters tore 5 00 

Interest on investment and depreciation, 20 per cent. ................. 9 38 

NG Gaul ees ae leas CEN GCS «rere ta RICE creche reg ate aaa Boeit $67 TL 


The total output of this plant would be about 4,000 tons of 50-per-cent. ferro-silicon per year, 
and, assuming that 50-per-cent. ferro-silicon sold for $150 per ton, the net profit would be :— 


GrOSSTOALI MS Seat Uh teh CTL OLI nates <5 ope cal aucttena teaiay cecues roketacealisua< Gaera tncwewote, oe $600,000 
Cost to manufacture at. $67.71 per tom ............. SOR ee SEO aA 270,840 
pet sprofite Sarees Gy. soeen SS Sc hea opto Ret roe cae « $329,160 
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APPENDIX. XII. 


A NEW METHOD OF PRODUCING HLECTRIC-FURNACE IRON. 


~ The operation of smelting an ore of iron for pig-iron includes two distinct steps, which are, — 
however, carried out in the same furnace and to some extent simultaneously. 

The first step is one of reduction, in which the ore, consisting largely of oxide of iron, is 
converted into metallic iron by means of carbon or carbonaceous gases. The second step is one 
of fusion, in which the metallic iron, already formed, is melted and becomes pig-iron. The gangue 
of the ore, together with the flux, is also melted and forms slag.* The first step can be carried 
out at‘a moderate temperature of, say, 700° or 800° C., while the second step needs a very high 
temperature, say, 1,400° or 1,500° C. Although the first step can be effected ata lower. tempera- 
ture than the second, it consumes about twice as much heat, measured in calories or kilowatt- 
hours, and it is this large requirement of heat that renders so costly the electric smelting of 
iron ores. That this is practically true will be made clear when I mention that a ton of steel. 
can be melted in an electric furnace by means of 600 or 700 kilowatt-hours, whereas about 2,500 
kilowatt-hours are needed to produce a ton of pig-iron from the ore. 

In the electric furnace both steps of the smelting operation are carried out more or less 
simultaneously, and at _a high temperature; and this causes waste of heat and unnecessary 
expense, particularly as the heat is derived from costly electrical energy. The smelting opera- 
tion produces a large amount of hot carbonaceous gases, which in a simple electric furnace 
escape and burn above the charge. These gases may be utilized for heating and reducing the 
ore, and the Swedish furnace is provided with a large shaft for this purpose. <A careful analysis 
shows, however, that the most efficient furnace of this type is decidedly inefficient from an 
economic point of view; and we are led to consider whether better results can be obtained in 
some other way. : 

I have thought, for a long time, that greater economy could be obtained by separating the 
two stages of the smelting process and carrying them out in separate furnaces. The ore, crushed 
to a coarse powder, would be reduced to the metallic condition by means of carbon in one furnace 
using fuel-heat, and the metallic powder would then be melted electrically. It appears that in 
this way a pig-iron of electric-furnace quality could be obtained more cheaply than by direct 
electric smelting. 

Until recently I had no experimental evidence in regard to the preliminary reduction of the 
ore, and had intended to undertake a series of experiments for this purpose; but during the, 
last few months I have obtained information with regard to this point, which makes it seem 
probable that the process can be carried out practically, and that a decided economy will be 
gained by its use. 

The possibilities of the process will be made clear by the following humerieal discussion :— _ 

The reduction of magnetite by carbon will probably follow the equation: Fe,0O,+ 3C0= 
3 Fe +2 CO+CO.,. This requires 115,000 calories for the reduction of 1 kilogram molecular 
weight of magnetite, or 686 calories per kilogram of iron. This corresponds, if electrical heat 
is used, to 800 kilowatt-hours per metric ton of metallic iron. ; 

The heat required to melt 1 ton of cast iron would be (theoretically) about 300 kilowatt- 
hours, but for the production of foundry pig-iron there would be needed an additional. 175 - 
kilowatt-hours for the production of silicon, or a total of 475 kilowatt-hours for the melting 
operation. Thus in round numbers there will be needed :— 


Kw. Hrs 

Mor reducing: the Aron Ore; tO. etal Wey ciara arene erage heres Pes) ae iat 800 
Converting this into: foundry) Pig-1LOM), F,« yattelcaes oetataueten lca Sie =, Ce aueli ate cneteereumeee 500 
1d Wa) 2 eect hee heat eg Nie MC re PS ibs tn Ree Tt Peta mrt tatiana 1,300 


It will be noticed that I have made no specific allowance for melting the slag. This is 
because the gangue will be practically eliminated by magnetic treatment before fusion, and 
thus there will be searcely any slag to melt. 


* Actually the second stage is more complicated than I have indicated, as the iron in fusion absorbs 
carbon and silicon to form pig-iron, the silicon itself being derived from the silica in the ore. _ 


DO. te Oe er elie ie Vue 0 6) % 0 o 010 616) eC isie 6) 6.9 


CLG Sua e 66 0 0 06 6 eave O10 weap) O16) oof pis 


SP a0 0 ol gle Sb eT ower a Fee 9 engi eee G00) ew EW. lee 6 0 6 Srie! ume Tab ele td) Blk Sle ov 8) due a) 


#e The total power requirement shows a decided economy when. compared ithe the 2,500 
‘@ _ kilowatt-hours that would be needed for the direct smelting of the ore, even after making 
allowance for the cost of crushing, magnetic treatment, and double handling of the material. 
‘ The first or reducing stage can, however, be carried out by means of fuel-heat instead of elec- 
_ trical heat without detracting from the purity of the product. The operation would have to be 
earried out in some kind of a mufile-furnace, as the reduced metal must be protected from the 
air and from furnace gases, and the efficiency of the heating fuel would consequently be very 
Ri, ‘ low: As, however, cheap fuel, such as- waste wood, can be employed, this will not cause any 
= j serious expense. The heat theoretically needed for the reduction of the iron ore is 686,000 
ealories per metric ton of iron; allowing 25 per cent. efficiency, this would mean 2,744,000 
~ ealories, which would. be furnished by 0.4 ton of a low grade of coal. It would appear safe, 
34 therefore, to allow for this purpose % ton of local coal or an equivalent amount of waste wood. 
ee: Dr. Trood and Mr. W. A. Darrah have carried out a series of experiments at Heroult, in 
> California, on the reduction of pure magnetite ore to metallic iron. The work has been done 
“k in a small furnace making a few pounds per hour of reduced iron. This furnace was heated 
electrically, and in this way an exact determination could be made of the heat that was supplied 
to it. There was under construction at the time of my visit a large furnace for the reduction 
of ore which was to be heated by means of fuel. Since my visit Mr. Darrah has been made 
superintendent of the plant, and this has no doubt interfered with the progress of the experi- 
ments. He has, however, written me the following letter with regard to the cost of operating 
_ the Trood-Darrah process. I assume that the power-consumption used in this estimate is deduced 
from their small-scale experiments, and that the other expenses refer to a plant making 100 tons 
of metallic iron daily. 


“ NOBLE ELECTRIC STEEL COMPANY, 
HEROULT, SHASTA County, CAL., October 23rd, 1918. 


“ Regarding the questions which you have raised, I have to avide as follows :— ; 
“(1.) We have made a very substantial success in reducing magnetite-iron ores to metal by 
heating to a moderate temperature with carbonaceous reducing agents. 

*“(2.) Reduction begins in the neighbourhood of 700° C., but in order to carry the reaction 

to completeness, as well as to minimize the time required, we find it expedient to operate at 
approximately 800°C. 
; “(3.) For a perfect reduction of particles the size of coarse sand, with the magnetite ore 
that we are using we find that three hours are required. The time will vary considerably with 
the different grades of ore, different reducing agents, and different temperatures. Powdered 
charcoal is the most satisfactory reducing agent, but, of course, is not the only successful one. 

“(4,) Total cost per ton of iron product, making ample allowance for power, fuel, ete., 
about $19. 

“The costs are divided as follows :— 


Total Cost 

Item. Cost per Ton. Quantity required. per Ton of 
ij Iron. 
Power for drying and reduction ..... 1% cent per kilowatt-hour | 1,200 kilowatt-hours $6 00 
BAOGTOOR) <i ssc se vse'es ME athe ee $25 per ton 570 Ib. 7 10 
oe eh en hws wind is Bee eels $3 per ton 2,760 Ib. 4 15 
> Crushing materials .......... Walenta 50 cents per ton Soe 69 
Handling materials .............. es 50 cents per ton etite 69 
Dabour and supervision ............ ace ee 50 
_ Interest and Depreciation, $20,000 Sees sees 10 


Investment 
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“The above cost may appear rather high, depending upon your local conditions. It is, of 
course, a direct result of the price of such materials as reducing agents and iron ore, which - 
you will note total considerably over 50 per cent. of the entire cost. The power cost, you will 
note, is less than one-third of the total cost. 

“Dr. Trood and I consider it quite feasible to reduce the iron by our process, and melt it 
either electrically or after briquetting in an open-hearth furnace. It is then perfectly feasible 
to make either pig-iron or steel, as the market may demand.” 

With regard to Mr. Darrah’s estimate, I may state :— 

(1.) Assuming the ore to contain 67.8 per cent. of iron (published analysis), 2,760 lb. of - 
ore would only yield about 1,870 lb. of metallic iron. It would appear from this that the estimate 
does not refer to a ton of pure iron, but to a 2,000-lb. ton of an impure iron product containing 
about 93 per cent. of iron. As this is about the percentage in foundry pig-iron, we need only 
increase the estimate by about 15 per cent. to provide for the change from the short ton to the 
long ton and for the mechanical losses in the various operations. 

(2.) Mr. Darrah’s estimate of 1,200 kilowatt-hours, if increased by 15 per cent., would give 
1,380 kilowatt-hours, whereas my estimate, based on calculation, was 1,200 kilowatt-hours. We 
should for the present take the larger figure, which increases the cost by $0 cents. 

(3.) The estimate of 570 lb. of charcoal, increased by 15 per cent., comes to 655 lb. This 
figure is supported by calculation from the equation I gave above, and I am estimating on a 
consumption of 14 net ton of charcoal; the cost of this in British Columbia will be only about $2. 

(4.) The remaining items of cost must be increased by about 50 per cent. on account of 
the larger amount of ore to be handled. Apart from this, I cannot check them in any detail, 
but suppose that they would be rather higher under British Columbian conditions. The charges 
seem to be very small, but it should be remembered that the operation will be continuous and 
mechanical throughout; there will be no hard labour required, and the cost for labour, superin- 
tendenece, and maintenance of plant should be small. 

The following estimate of the cost of making 1 long ton of metallic iron in the form 
of powder by the Trood-Darrah process has been prepared in view of conditions in British 
Columbia :— ee : 


Cost of One Long Ton of Metallic Iron, using Electrical Heat at % Cent per Kilowatt-hour. 


OLE S22ECONS = a HAA. cadena eeeere creme raeerer ae mentaion 5 ArWanarehey sialemaee ene Dace hhatenatene $ 8 80 
Charcoal tA Tons Aaty Sree. sesh oer tee er ees era ane ea ere 2 00 
Power for heating, 1,380 kilowatt-hours at 4% cent ..................-. 6 90 
Crushing materials at 50 cents per ton ........... y pee inhi cio Bee ale 1 10 
Handling materials: atroOcentsspercbonmadcce mist boeitts rest sie ist. <ietinie ss 1 10 
TAPOUTA AD PSUDEL VISION sas cie cree cee. hats ba mutan ene intaae MMSE ead cal coe R otros katie ote, Ste 85 
Intérestandsadepreciation.$\o <.cra wie ered gree mene ee aaa eters be easter ere cies 25 

Nay m8 Rte eae re Serine aris Ree ee RP e att WS an Oe cera cies yh a ne Rare ve Lae ata OCR $21 00 


In this estimate I have taken 2.2 tons of ore instead of 2 tons in order to cover the loss in 
magnetic concentration which would form the first step in the process. 

If fuel can be used for heating in this operation the cost will be further reduced; thus the 
heat should be obtainable by the use in gas-producers of % ton of low-quality coal costing, say, 
$4 per'ton. The cost of heat would thus be $2, or at the outside $2.50, and the total cost of the 
iron $16 or $17 per ton. 

With regard to these figures, I must state clearly that, although I have full confidence in 
Mr. Darrah’s statements, yet the operation of the process must be demonstrated on a working 
scale and its applicability to British Columbian ores must be shown before a commercial enter-- 
prise can be undertaken. ; 

I should also state that I believe that foundry pig-iron can be obtained, conveniently and 
economically, by melting the iron powder with fluxes in an electric furnace. It will be necessary, 
however, to confirm this point experimentally, and also to ascertain whether the sulphur origin- 
ally present in the ore will be removed sufficiently well by the proposed process. ; 

The following estimate will give some idea of the cost of 1 ton of foundry iron obtained by 
melting the reduced powder in an electric furnace :— 
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e Bleetrie 1 power, 750 kilowatt-hours at % cent 
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- Another favourable feature of the reduction process is that the metallic powder can be — 
melted in electric furnaces for the production of steel without the need of first turning it into 
- pig-iron. In this way one step of the usual process is eliminated and electric-furnace steel may 
be produced at very reasonable figures. 


REDUCTION oF IRON ORE BY, HYDROGEN. 


As having a bearing on the above process, I add a brief account of the reduction of iron ores 
by means of hydrogen. Mr. A. T. Stuart, of Toronto, invented an improved form of apparatus Re 
_ for the production of hydrogen and oxygen by the electrolysis of water. In trying to find uses BS 
; , for the hydrogen, he discovered that iron ores are reduced to metal by means of hydrogen at 7 
; So low a temperature as 700° C. The process is very convenient, because the hydrogen can be 
ee; “passed again and again through the ore, so that the gas is perfectly utilized. Such a process, 
-. however, would only be possible if hydrogen could be obtained extraordinarily cheaply. To 
_ produce it by electrolysis would need unusually cheap electric power, and the ore could be 
: smelted directly with less power than would be needed to make the hydrogen and to carry out : 
a the reduction with its aid. The only condition under which the process could be employed — Sipe 
would be if there were avaiiable during off-peak periods of a power plant large amounts of 
 direct-current power, which could be obtained at a very low price, and if, in addition, there 
was a satisfactory market for the electrolytic oxygen, so that the hydrogen might be regarded 
' as a by-product. I must add, also, that Mr. Stuart’s experiments were made on hematite ores, 
and it is likely that magnetites may not be reduced so easily or at so low a temperature. One 
feature of the process which may prove important is that the hydrogen used to reduce the iron 
also serves to remove from it phosphorus and sulphur in a gaseous form. 
» STEEL DIRECT FROM THE ORE, 
(A Process described by F. T. Snyder.) Bo 
I conclude this Appendix with an extract from a paper on “Steel Direct from the Ore,” 
which was sent to me recently by Mr. EF. T. Snyder, of Chicago, the inventor of the Snyder 
-- electric steel-furnace. I quote Mr. Snyder, as I consider that his account is of interest in so 
~ eonnection with the present investigation, but I do not endorse his process or assume any aes 
responsibility for his statements :— en eee 
; “Mo expose sufficient surface for rapid reduction the ore is crushed to %4 or 4% inch in eae 
diameter. From an ore-storage bin it is fed into a cylindrical kiln in which the ore is dried : 
and heated to 700° C. under oxidizing condition. The sulphur contents of the ore will be 4 
- substantially eliminated in this preliminary roasting. At 700° C. the ore falls into a reducing- ; 
kiln, in which it is exposed to the action of carbon-monoxide gas, which reduces the iron oxide 
to metallic iron sponge. This iron sponge is conveyed without exposure to air, and while still 
hot, to an air-tight electric furnace. The reducing carbon-monoxide gas is generated in a gas- 
: “producer from powdered coal giving a hot gas low in carbon dioxide. At the part of the 
5 reducing- -kiln where the iron ore enters, this gas leaves the kiln with about the same composition cee 
as the gas leaving the top of a* blast-furnace. Part of this gas passes into the roasting-kiln, pee ae PS 
where it is burned with air from a fan to furnish the heat required to raise the ore to 700° C. 
: before it enters the reducing-kiln. The balance of the gas from the reducing-kiln is burned 
: “under a boiler, and with the steam the necessary power is produced for the electric-smelting ae 
furnace. By a fortunate coincidence the amount of gas available is somewhat more than the me: 


mount needed by the electric furnace. . | an aay 
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“This arrangement of equipment meets the three fundamental difficulties of the earlier 
attempts to make steel direct from ore, and retains the great commercial advantages of the 
direct method. By the use of fine ore in rotating-kilns, which both expose the ore to the acting 
gases and at the same time convey it, the difficulty of getting the iron sponge out and trapping 
the gas is made easy by the low pressure required to pass the gases through the kilns. The 
electric furnace melts the sponge without oxidation and eliminates the second difficulty. The 


use of a preheating-kiln which is separate from the reducing-kiln makes it possible to remove ‘ 


the reducing gases from contact with the ore before the gas is cooled to a temperature at which 
carbon-deposition begins, and furnishes a sponge that is practically free from carbon and ready 
to melt direct to steel. As the reduction is entirely by carbon-monoxide gas, no solid carbon 
coming in contact with the ore, the silica, phosphorus, and titanium in the ore are not reduced, 
but remain in their original form and are melted in the slag in the electric furnace, substantially 
none of them entering the steel. : 

“Compared with the direct method of smelting iron ore with electricity, the anes method, 
with electric-furnace finishing, has the advantage of a much lower electric-power consumption. 
The kiln method uses 600 kilowatt-hours per ton of steel produced for all power purposes. The 
direct electric smelting uses 2,000 kilowatt-hours for the electric smelting producing pig-iron, 


and 500 kilowatt-hours for the electric-furnace operation of changing the electric pig-iron to steel. | 


When the weight of the electrodes for the pig-iron furnace are taken into account, and the fact 
that the kiln method uses charcoalsfrom twigs and leaves, the total average of timber required 
for both methods is approximately the same. A production of 25 tons per day requires 1,000 kw. 
of power plant for the direct-steel method, and 3,000 kw. for the electric pig-iron method. The 
difference in the investment cost for power-plant construction is 50 per cent. greater than the 
total cost of the kiln plant, exclusive of its power plant. If water for power is available without 
cost, the burden of the investment cost renders the electric pig-iron method non-commercial in 
comparison with the direct-steel method. 

“The economie advantages of this method are :— 

‘““(1.) The use of iron ores of inferior composition. Sulphur is efuning ted in the preliminary 
roasting. Silica, phosphorus, and titanium enter the slag. 

*(2.) The use of fuel of inferior quality. As the fuel is burned in a producer in powdered 
form, raw coal, coke, or charcoal may be used. Sulphur in the fuel enters the reducing gas as 
sulphur-monoxide gas, which is without action on the iron at the temperatures used., Powdered 
fuels are in reliable ‘use with ash as high as 20 per cent. 

“(3.) The production of steel-of electric-furnace quality. This is substantially higher in 
tensile strength, elastic limit, percentage of elongation, and resistance to shock than is Bessemer 
or open-hearth steel of the same analysis. 

““(4.) The recovery of a high percentage of the iron in the ore. Practically all the iron in 
the ore passes into the steel, as the electric-furnace melting makes it possible and the production 
of good steel makes it necessary to produce a slag substantially free from iron. With the 
present blast-furnace, open-hearth or Bessemer combination, from 10 to 15 per cent. of the iron 
in the ore is lost in the slags produced. 

“(5.) Existing methods use about 1 ton of coke in the blast-furnace per ton of pig-iron. 
This coke requires for its production 134 tons of raw-coal. To turn this ton of pig-iron into 
steel requires an additional 1 ton of raw coal burnt in gas-producers. This is a total consump- 
tion of 2 tons of raw coal per ton of steel produced. The direct method, including the gas for 


electric power and for roasting, requires 1 ton of raw fuel. As the fuel is used powdered, if 


ehareoal is made the small twigs and the leaves may be carbonized as well as the larger pieces, 
substantially doubling the steel produced per acre of timber. ‘ 

“(6.) The capital investment, including electric-power plant, is about two-thirds that of the 
blast-furnace, open-hearth combination for the same output. 

“(7.) The production cost per ton of steel ingots is about 80 per cent. of the older practice. 

a 8.) Plants for small production are practical with the direct-steel method, outputs as low 
as 25 tons per day being efficient. 

““(9.) Production may be stopped or started in a : few hours if necessary to meet market 
or traffic conditions, without plant deterioration, and without the production of considerable 
quantities of lower-quality product. 


ead See the safety of Sedation is materially greater than with the blast- furnace and open | 
Me] he arth.” 


APPIONDIX:XIIT. 


AUXILIARY INDUSTRIES. 


In view of the limited market for foundry pig-iron in British Columbia, it will be essential 
~ to make other products, so as to increase the output gf the plant. For this purpose an additional 
output of low-silicon pig-iron can be made, and this can be melted with steel scrap for the 
tea production of steel. HF erro-alloys, such as ferro-silicon, fefro-manganese, and ferro- -chrome, can 

also be made in an electric-smelting plant. These auxiliary industries not only increase the 
general output of the plant, thus reducing, proportionately, the overhead charges; but are them- 
: selves likely to yield a higher profit than the production of pig-iron. The- production of ferro- 
nanganese and ferro-chrome in the electric furnace depends upon a supply of ores of manganese 
d of chromium. Quartz is required for the production of ferro-silicon., 


Ferro-alloys. 


Ores of Manganese and Chromium.—I have been furnished by Mr. W. F. Robertson with 


these metals of a grade suitable for the production in electric furnaces of ferro-manganese and 
ferro-chrome. Quartz for the production of ferro-silicon can also be obtained. 


The Curle Manganese Group. 
Report by A. G. Langley, Resident Engineer, Revelstoke, June, 1918. 


Report of Assays by the Provincial Government Assayer. 


Sample. |. Description.  — Manganese. Iron. | eae Sulphur. | Insoluble. 


- Per Cent. | Per Cent. | Per Cent. | Per Cent. | Per Cent. 
11675 | Manganese ore sacked for shipment. . 34.5 ate Ss ae 
11676 | General sample, dumps, ore for ship- Siew ps as aie } 
; ment 

11677 | General sample, dumps, ore for ship: 36.7 Atsus aoe aan wists 


ment 
General sample ore in-place, No. 2 39.0 Dre Traces 0.13 0.35 
| deposit : 
Sample high-grade, No. 1 deposit.... 49.5 
Overburd enbrejyectsctes. cite ste cieerejs 17.2 Se 
Trongoxiderumderlyaae vores ce.cu- ais ie he 9.7 PAS 


(Signed.) D. HE. WHITTAKER, 
Report on the Ore-deposit by Mr. Langley. 


“The property, consisting of ten claims, is situated at a distance of seven miles from Kaslo 
nd adjoins the Kaslo & Nakusp branch line of the Canadian Pacifie Railway. 

_ “The group was staked by A. Curle, of Kaslo, in 1917, and although the ore is freely exposed 
plone the old Kaslo-Slocan wagon-road it escaped attention for years, due no doubt to the lack 
‘of knowledge of the character and commercial value of the deposit. In February, 1918, the 
: _ property was bonded by the original owners, A. J. Curle and A. G. Larson, to Col. F. B. Millard, 


f peponelee. 


fe 
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“Seventeen men are now employed and considerable progress has been made during ee last — 


month in developing and winning the ore. Eee 


“ Character of the Ore.—The ore chiefly consists of the soft black or brown exiles: which - 
may be classified as wad manganese, while Si iab sean | psilomelane, though in evidence, is \ees ; 
frequent in occurrence. ‘ : 

“Ore Occurrence.—At the No. 1 aepbalt the ore fornia a blanket deposit over the surface of 
the flat, the average thickness of which is hard to arrive at, for its distribution is uneven and 
irregular, but can safely be taken as not exceeding 6 inches. ; : 

“From where the hill rises above the flat and for about 50 feet up the gentle slope, the ore, 
which occurs underlying a few inches of soil, shows about an average thickness of 1% feet and 
* appears to be of higher grade than that on the flat. 

“At the No. 2 deposit the occurrence is similar to that of the No. 1, but appears to be more 
uniform and to contain a greater tonnage. 

“This deposit has not been mined yet, and its area is less definitely outlined than that of 
the other. In an isolated patch at about.120 feet east of this deposit a small surface cut shows 
a 2-foot thickness of high-grade ore dipping slightly under a covering of about 3 feet surface 
wash; at this point a nice tonnage may be developed, but no work has been done to determine 
its-extent, ’ 

“ Geology.—Underlying the manganese-deposit, a layer of about 6 inches of soft material 
stained with oxide of iron is encountered, and under this a greenish clay containing pebbles and 
boulders of what is known locally as the Kaslo green schist. No attempt has been made to sink 
through the clay, which forms the floor of the deposit. Judging by the rock-exposures along the 
railway-cutting, the whole area is underlain by schists and slates, which have a dip of 538 degrees 
and a strike of N. 10° W 

“ Origin of the Bonnie —The primary deposit of manganese probably owed its origin to 
deep-seated springs arising from a body of intrusive magma. These waters deposited their 
burden of lime, iron, manganese, and silica in veins and veinlets of the country-rock. During” 
subsequent erosion and oxidation the manganese has been collected by surface waters and 
redeposited on the benches and gentle slopes of the hillside. 

“The iron, being precipitated first from solution, forms the lower layer: of the deposit, 
while the lime may have been an important factor in bringing about the precipitation of the 
manganese. 

“That this secondary deposit is of fairly recent origin is demonstrated by the fact that 
it overlies glacial drift. The calcareous sinter which is invariably with the manganese, and 
generally overlying it, no doubt owes its origin to deep-seated springs, of which there are still 
a few active ones in the vicinity. : 

“ Mining —The ore being soft is easily mined by pick and shovel, but great care has to 
be exercised in obtaining a grade suitable for shipment, and a certain amount of sorting is 
necessary. i : 

“On account of the difficulty in getting cars, no ore had been shipped up to the time of my 
visit. It was the intention of the owners to ship to Chicago. 

_ “ Prices.—The prices which were recently fixed in the United States range from 86 cents to 
$1.30 per unit for ore containing from 385 to 54 per cent. metallic manganese. (Refer.; Hng. & 
Mining Journal, June 8th, page 1053.) Freight rate to Chicago, $11.20 per ton. 

“ Samples.—No. 11675, taken from 800 sacks for shipment; Nos, 11676 and 11677, general 
grab sample of all dumps of ore, containing 110 tons; No. 11678, sample taken from a number 
of test-holes on No. 2 deposit; No. 11679, sample across 15-inch width of high-grade ore, No. 1 
deposit; No. 11680, sample of overburden reject; No. 11681, sample of oxidized material under- 
lying manganese. 

“ Hstimate of Available Ore for Shipment.—Estimates of ore in-place are based on the 
assumption that 40 cubic feet equal 1 ton. 


Tons. 

Total -oretin No.1 Geposite te. seve aaa 8 sien y ste etttec icip ns eiatedete hve cial Webstats 730 
TIOSS CXUVACLEM sa ewer eared Gerais soelle: ahaha Uren HE ee set aegis tare ey Ne Tee eons 160 
570 

Total ore, in “No.2 Ge@posit™: 4 5 saree ete thas ove eaten ade eliemsnas (oo auevotece eta ee asta 885 


ie eae Fae hale eRe Rae ht 
“ - Exucrnrc SSMELTING or Iron Orp. | 


LH 


= 


here 


“¢ On account of the imregularity of the deposit and the unsystematie way in which it ha D 


peraees are the Nos. 1 and 2 deposits as ehowie on the plan, ane although there are manganese ~ 
dications in patches outlying these SEAS at the present time there is not enough SU esem to. 


“(Signed.) A. G. LANGLEY, 
“ Resident Engineer.” 


Manganese Ore from Dickie’s Claim, Cowichan Lake. 
Samples taken by Mr. Turner, August, 1918. 


~ Report of Assays by the Provincial Government Assayer. 


Sample. | Manganese. Insoluble. Phosphorus. 
Pag ONS ee re. 
Per Cent. Per Cent. wir SRN 
wedi aia er Ae ek BG RERA airAas eye caeenier tan aoe eaters ee ee 18.3 66.3 None. : 
MPRA cada ccetatsceaeNs goths Pose oh eh OL SP AGRE TE: whi se See Oe 55.0 11.0 None. 
Sch COS Ti EE MEA tS hos one PRE ORC ea 32.8 45.1 None. 
Ea eet: IEE Pr ea ES li aS ten ce EO a oe 37.0 38.0 None. 


a : (Signed.) D. E. WHITTAKER, —~ o : 
‘Mr. W. F. Robertson writes :— ) ate “ August 14th, 1918. 


; 


“T enclose assay certificate of a manganese-deposit within a mile of the Canadian Pacific — 
Railway and Canadian Northern Railway by wire tram, showing over 6 feet of 55-per-cent. Mn. 
ore carrying 11 per cent. SiO., with 4 feet of lower-grade ore on one side and 16 feet on the 
other. It looks as if we could guarantee 30 tons a day of best grade within ny days, and 
possibly up to 100 tons.” - es 


Deposits of Chrome-iron Ore. 


Report on Deposit at Scottie Creek by R. W. Thomson, Resident Engineer, Kamloops, 
May 10th, 1918. 


STM Om ll O2me res 5A nes sorte cast ac earee 22.5 per cent. Cr.0; and 27.2 per cent. siliea. 
“ ASrawingol ea ISG Baers Meech ons el ace 24.0 per cent. Or,0, and 35.0 per cent. silica. 


_ IT, Sample from Scottie Creek supplied by Provincial Mineralogist, July, 1918— 


ENG A OAT y. cba sey ata cnauicetele si 40.5 per cent. Cr.O, or 28.5 per cent. ‘chromium. 
ON LOUD) Sone sect stele eer oiete= sche 42.5 per cent. Cr,O; or 29.5 per cent. chromium. 
INOS at, DES eer or eae 24.8 per cent. Cr,O, or 17.0 per cent. chromium. ; 


< Mr. Robertson informed me that there was an ample supply of this ore. aS ee i 


III. Sample from Juno Claim, Big Sheep Creek, supplied by P. B. Freeland, Resident — eae 
gineer, Grand Forks, July, 1918— ea, 
“Séniimyel ea Wen pe ie rarer 86.0 per cent. Cr,O; or 24.6 per cent. chromium. ~. Hine ng es 
7 PRODUCTION OF FERRO-ALLOYS IN THE ELnctric FURNACE. ser ee ee 


‘The following notes on the technical requirements and the cost of making ferro-manganese, 
: _ferro-chromium, and ferro-silicon are based on information given me by Messrs. Beckman and 
Linden. I have, however, been able to compare their figures for the consumption of ore, electric 
s Y ower, and electrodes in some cases with those given in a valuable paper by R. M. Keeney, “ The 
< anufacture of Ferro-alloys in the Electric Furnace,” which was presented at the September, . 
- 1918, meeting of the American Institute of Mining Bngineers. Beckman and Linden’s figures Cota: 
refer i in ge a eases to the srs of a 8,000-kw. furnace, and I have therefore made some Reg 
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allowance for increased consumption of power, labour, etc, involved in the proposed use of a 
furnace of only 300 kw. 


- 


FERRO-MANGANESE, : 
| 


This is made by smelting in an electric furnace a mixture of manganese ore, steel turnings, 
lime rock, coke, and charcoal. For the production of a long ton of 80-per-cent. ferro-manganese 
from an ore containing 48 per cent. of manganese the following amounts would be needed, using 
Beckman and Linden’s figures :— 


2 Lb. 
Manganese (Ore feb. s.. cscs eosin ee ere eee Renan A tees cs eee 4,700 
SCGeM Huv mi Ss ete Pepe ai ss Wire eat ie aa ape ee nae ee cee 300 
THs ROCK. Setaey ore Se 8‘ ye irae a eben ROR eee oe eee 1,040 
Cokesandzcharcoal..A7. FW e eet vein Ary aces esate aes lg Nea eae 1,400 
(Bland E.vetve petroleum: COKE zs te cn ete toe te ee eer 1,125) - 
HIGCLPOOESiekhuran... os od Ree ee Fete Es BRE aoa eae 100 
POW CTE ae hons.'< allay Mary fo panties elie sla a GtN i ae Tor Dee aad Tete hala se ele Hig aveeeo tae) eats 0.8 horse-power year. 


A small single-phase furnace of 800 kw. would turn out about 500 tons per annum, or ne 
tons per day, which would be as much as could be utilized locally. 

The following estimate of the cost of 1 long ton of 80-per-cent. ferro-manganese is based on 
information supplied by Messrs. Beckman and Linden :— 


Manganese. ore, 4,700: 1b. at. $25 per net tom. 22.2 ace a ose sls ee ueee $ 5S 80 
Steel) turnings, 300 dbs at S10 Perveross TOM ates > cpm ciensthe co cates eet 1 30 
Time: rock; A-040 Ib at=$s-a0eper net Lon is ee seiner ee ee oe ee 1 80 
Goke-and charcoal, 1,400 Ibs ate$Seper Neh, GOs teen oo etieue ieee ate he 5 60 
Hlectrodes, 100 lb. at 7 cents per pound .............. Bee oe oe 7 00 
Power, 0.8 horse-power year at $15 per horse- eee VOAT ALInalnetees 12 00 
TIAVDOUL Pe. eecteishe Hate aguee te ae steche oe enereme ee we SES Raneas erameenene LagelehShtcenols ate Srepaeenes 8 00 
MS IT LEMAN CO: eee ean eoe fasamene.  eeaee ae abe See ae tiene fiche gate Sea te mene tname c eien meters 5 00 
PUPPIES) ae eres aesca ee ae eee oil we he tes eben caper Rens gate ah orermemn eae ecnetah re area 1 50 
Plant, general Expense ty. gi stes wercws a skye take eae epee rate + HeLa amon rata ei re eee 3 00 
Office; general expense “vos. iee He eam hele Leer s pre eee Mare iets RENO 6 00 
\ POLE se ethereceee tye a vacctee or Renae real eee tale Lead e siecle ete ee OTR Eaeene $110 00 


R. M. Keeney states that the power-consumption varies from 4,000 kilowatt-hours per long 
ton in a 3,000-kw. furnace to 7,000 kilowatt-hours per long ton in a 1,000-kw. furnace, which 
would correspond to 0.72 and 1.27 horse-power years respectively at 85 per cent. load factor. 
‘He also states that the electrode-consumption is high, ranging from 150 to 250 Ib. per long ton 
of the product when using amorphous carbon electrodes. These results were obtained when 
smelting ores of about 39 per cent. of manganese, and with a consumption of about 1,300 lb. of 
“coal” per gross ton of product, and about 3 net tons of the ay aes ore; the recovery being 
about 75 per cent. : 

From other sources I learn that the regular practice in a ferro-alloy furnace of 1,500-kw. 
over a considerable period has been as follows per gross ton of 80-per-cent. ferro-manganese : —_— 
2.5 net tons of 40-per-cent. ore, costing 80 cents per unit. 

720 lb. coke at $5 per net ‘ton. 

720 lb. charcoal at $20 per net ton. 

65 lb. graphite electrodes at 12 cents per pound. 

0.66 to 0.85 horse-power year of 85 per cent. load factor. 

The ores available in British Columbia appear from the foregoing reports to contain about 
40 per cent. manganese, and comparing the various figures given above, I conclude that in a 
300-kw. furnace 1 long ton of 80-per-cent. ferro would need about the following :— 

40-per-cent. manganese ore, 2.7 net tons. 

Coke and charcoal, 1,400 Ib: 

-Electrie power of 85 per cent. load factor, 0.9 horsé-power year. 
Carbon electrodes, 150 lb. 

Lime rock, 1,500 Ib. 

Steel turnings, 800 1b. 


a 
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' 


a te of the cost of 1 long ton of 80-per-cent. ferro-mangan 
follows :— , 


: ese based on these figures _ 


Cost of making One Long Ton of 80-per-cent. Ferro-manganese with $15 Power 
cae in @ 300-kiv. Furnace. 


9 S0Ne SS 8olie Sle vetel wer Aue, vie fae) 


©) 8).0. 0:0) eta: <6 ate. 6: 0, 0 imu Istp: eliehs sce! sue 


mEatmesPocc, A900 Ibe-at. $3 per net tO ........¢seee cst oe See ieee ke 2 25 Pee 
- Coke and charcoal, 1,400 lb. at $8 per net ton ..........cecceceeeeee 3 5 60 ; 
_ Hlectrodes, 150 Ib. at 7 cents per pound ........ PRS oA he ke bert aren 10 50 
—- Blectric power, 0.9 horsé-power year at $15 .....0..00.055 e000: Ban Sod 13: 50 
TOCDUPS Is at. 2 Be sh seers Ba SO plc otek Sib Ae oluagnsoda Bar) Sttat A akeeiae e : 8 00 
Bee Ma imtena cet. os swan es oc nae we eves oa. Nie coe 2 hie te bie mas 300) : 
STIG) 8 ECCT Sates oP ae eae pe ge eg ee Pe = can oS tae 2 00 y: 
“4 lamb Sener als (CXPENSG teas wares wteenitin ee. setae esPet oy ote Ae eolae tata oe OOO) 
Office, general expense ..........: PES eae a ke ies aah ee pee AUS saihier 6 00 
Motaleonen. ee Pe a Ani fet gr clih Be aes eee oO Ree bc pap Sl Say Goon Pea 
If the power were to cost 0.5 cent per kilowatt-hour, the charge for this item would be :— = 
Comnotse-power year (0-857. F.)airS20. 10s parce en dacs «co slel epee > mulical creme $ 25 00 


Anidge nen tinal fi Sea fOr tie sCOStit stele cctene scales sesicce Sit sheldcstobat: ements ak 136 15 


SILICO-MANGANESE. 


_ In steel-making it is usually “necessary to add ferro-manganese and ferro-silicon to obtain 
a sound product. AS manganese ores usually carry a considerable amount of silica, it is 
conomical to reduce this to silicon instead of slagging it off with lime: thus obtaining a 
““silico-spiegel” containing both manganese and silicon. The following estimate, based on | 
information from Messrs. Beckman and Linden, gives the cost of a long ton of. silico-spiegel : 
containing 18 per cent. silicon, 40 per cent. manganese, and 5 per cent. carbon. The ore aie eS 
‘contains 42 per cent. manganese and costs $23 per net ton. ; ae 


Cost. of making One Long Ton of Silico-spiegel with $15 Power in a Large Furnace. ae “ 
: Manta nese-ore, .140 1b at 25. PEL Met COM. i020). ooo esas «seis mcs» s'ehersere $24 60 on eke oe 
silica rock, 400; 1b. at $4 per net: tome. tc eee eis ce ene cee ee 80 tix 
CoOkCHInGscharcoal wl JOUVE Daa te SSeDeLr Mets OMe ai. <kaeiss ov sieislecc eae casoetee 4 80 
Steel turnings, 950 Ib. at SIP SONH SLOSS sO mem eee o were sack enee ve Ries ciples 5 00 ; 
Power, 0.8 horse-power year at $15 ..... Te Plaats Re nar LYM eK dak col ve Age ee ape 12 00 
PGCE SS TOUS LOA tate COD LS ep Cl POULIN Capi aus eae owersceie = ive o's, Sietcllevevete ole cd to s 4 20 
PP EMULE aerate tee tale eter odes siarieh romete- cutee otesfol'e, 6 shonez™ SI incor: do SER Rea eer ee okies § 00 
Maintenance .......... rhe nt Cee TAP Past Gere MEH : , : 3:00" ae 
amie eOMenralmeXPOUSC: sa1sts faielwislcis\ oles «casue) eels» susie Mester cays Moker estore Riese Mit 6 00 ; ka 
nicer ecneral expense’. fic. y 5.65 heey arenas s OO EOE ss 5 8 oe es 1 ROO. 
ors dkothel ie ares eee Sp ea APE Re ee oc TE Er Rar» ieee ee $02 AO 
» I have no figures available to compare with this, but increasing it proportionally with that 
r ferro-manganese, on account of the small size of the furnace, would give a total of about 
5 per ton with $15 power, or $95 per ton with 0.5-cent power. 
ve higher-grade alloy might have the following composition :— 
jee : Per Cent. 
_.° Manganese ..... is TY RRR Pre LE een a nae ree AR 5 aR Bh 59 
ISMIECOT gh. anes Seda ty Saree eee ors. See ie, pene es ny 22 
oi ey ee Re Sr tees be oo ee ee ance Pa aera Meee Se ae 


BREA MINI yous es pee 3 Ber yy Ser eet ee A ae ee ESS Sheri. eae aN 
Carbon ...--.-+.++++5- PIN GAS, Sica, oe sne eee saraers avetie or ab seas ahora tcewepess seat eal | 
The following is the estimated cost of making 1 long ton of this alloy, based on Beckman 


d Linden’s figures :— 


. Cost of making One Tong 1 Ton of ‘High-grade 
eae Se gee Large Furnace, 


Manganese ore, 3, 200 Ib. at $25 per net ton .... a8 a est 
Steel turnings, 440 Ib. at $10 per SToss AON... sons leew oan rad 
Silica rock, 380 1b. at $4 per net ton ...... ES chee er gee so ice co 
Coke and charcoal, 1,800 1b. at $8 per net ton... 2. 2.s Soe van eee ee 
Electrodes, 100 lb. at 7 cents per pound ....... see th ies oF ne eas ee Bel) 
’ Power, 0.8 horse-power year at $15 ........... Bie eine te RTE Tee tras 2) 
TabOUrG-. a ee we x een Sphaiie Rie se i sears Sp RAPES oy oe ae sane 
: oe 
au 


DUD PMCS arctica ee, 5 Reeieke ioc oye dea a oan ae ap Oates “sta eae eee es 
Plant, general expense .............. Sith eetarere ee eee Wee RS ae oa No 
Office, general expense ........... A Gtauesa St oeamctans hates so ee ced Se ate 


Otel’! 2. Rassias Atos etree ecto tee esos eee SRS Sie Pty at eae $92 50 G 
Increasing this total to correspond with the use of a small furnace, we get with $15 po 
about $100 per ton, and with 0.5-cent power about $110 per ton. 


F'ERRO-CHROMIUM. 


The following estimate, pEaeny on the figures of Beckman and Linden, is for the oprodue: 


of an alloy of the following composition :— Per Gant 

CHromiwgyy 242. .* sfcegiouma iee Sees 6 eee sivic poetet aaa aes PS aE Seer ead 1) 

DOM scia yw auea Fal ota te Bua ear ace SORE Tae 9's GUA Ree Ree Hee eo eee te Weiss ee eagvoee tiene Me eee 28 

Carbon es soak. doe vee ee eae Nase alee Mamaia He ha yids oa ein ake e ey 

SLTCON SIA acsoie ot eh Aotoas sttauke caenelsnaies Wepre terms aie kt sidhells Ras aie inra «) ea ar apes ete ets al 

- The ore is assumed to contain fone Barents ee 

GH TOTAL UI ogee ure ahaa hs te beaters eeacue thal desma ence ere eae oanine® aetenteeS as. BL-( CEOs 45 per. cent, 
TOW Jo sates era v= oh ngwin 0 a wie seuel ete anbaetias Wie t-t eta bes er. co ate eee 12 

SU Care ores oe eae aest cc SRA ca aie Oe ote RU ines ee crea Sere ee ae 12 

WIVEAOTICSI AT. ices eh «bis chaketee antl cautnre chs lene tead cheats tape nye te rete eee eee te hake 16 


Cost of making. One Long Ton of Ferro-chromium with $15 Power in Large Furnace. 


Chrome ore, 4,750 Ib. at $386 per net ton ........ Pea P eadherne Pees e aa es as 86 50 

Steelaturningsy 100) 1bs-at Sl per erOss. toms aie n) stenste eee line ace SiN 50 : 
: Coke and charcoal, 1,200 Ib. at $8 per net ton ................ yes ere 4 80 

Power, 1.2 horse-power years (0.85 L.F.) at $15 ........ ae Piper G PAN Ts he 

Electrodes, 100 lb. at 7 cents per pound..............+ dela tarcrnbap eta no wanes = 7 00 

LADOUE Soy + oc aee Fics soe Oe oe ee a ee Schpaeeeeee » -=12.00 eS 

Maiintenatice 57h. state oo ee See ee ee aaa 83 00 

SUpPPLESewsswach » Rake PAU al, aes one Bee Merete pecs Nags ihn ee te AOI. coer 2 00 

Plant, general expense .............- acd cmiem te colons Saas 2 ge ee Pgs 10 00 

Office, general expense ¢..........75-- SAF Re Re, ee ny ae ae 6 005.5 

i Won: A Raper ean rae te Re MT Er Be EE BORE sec ete Mba = a 55" ~ $150 80 


In a recent paper Ben ae 1918) R. M. Keeney discusses very fully the production of ; 
ferro-chromium, and the following notes are based on his paper: Ferro-chromium can be made , 
cof varying carbon contents, usually between 4 and 8 per cent. If chrome ores are smelted with | : 
an abundance of carbon, the recovery of chromium is good, being 90 or 95 per cent. of the amout 
in the ore, but the ferro will contain about 8 per cent. of carbon. If, on the other hand, the | 
supply of carbon is restricted so as to keep the carbon below 6 per cent., the recovery of the 
chromium will be poor, about 70 or 75 per cent. The recovery depends partly on the richness 
of the ore, and when this is below 40 per cent. Cr,O;, the recovery is low. ; 

American ores from California and Oregon aré reported to contain as a rule from 40 to 45 
per cent. Cr,O;. The ores from Scotty creek, in British Columbia, appear to have in some cases 
40 per cent. of Cr,0,, and therefore to be rather poorer than the American ores. In making Sg 
65-per-cent. ferro-chrome there would be needed per long ton of the product :— 


a - 


1 portent carbo produce at 90-per-cent, Pecovesre eh 730° Ib. SPs ore. ae 
( ra 5-per- cent. carbon product at 70-per-cent. recovery... woe 1,080: Ibs -0f orem — => oe 
he power figures of Beckman and Linden are based on the statement that each pound of a 
nium needs 3 kilowatt-hours for its production. This may be correct with high-grade 
ca ore aa in large furnaces. In HWeeneys “wewete using’ furnaces id about 200 kw., the jae 


D crete and Cinien in their original fatimate state that 1,100 lb. of petroleum coke would 
needed per long ton of the product, and I converted this into 1,200 Ib. of coke and charcoal. 
eeney used coke in his experiments, and the amount varied from 0.5 to 0.75 Ib. per pound of 
i ferro. Taking 0.6 lb. as a mean value, we find the consumption to be 1,344 lb. per long ton of 4 
the product. . 

~ For the production of ferro-chromium in a small furnace of 300 kw. it will be safer to take 
the more conservative figures of Keeney, and using, as before, the remaining items from Beckman 
and Linden, which I have already increased a little on account of the smaller scale of operation, 
we obtain the following estimate :— 


“Cost of Production of One Long Ton of 65-per-cent. Ferro-chromium with about 6 per Cent. . 
Carbon from an Ore of 40 per Cent. Cr.0; in a Furnace of 800 Kw. = 
Chrome ore, 6,000 lb. at $36 per TOE TOUS oir orate crc, 20. shaht le meer iammeterea ate $108 00 r Re 
Sreckerurnines als bs ate old, PeresrossS<ton wim -ae sheet eee oe 50 tp i 
POKER Bt NS DEL BEL COM! Seo). nucde ecru cae See tee ae ae ee 5 40 ye Saas 
Power, 1.4 horse-power years at $15 per horse-power year ............ 21 00 ny me te 
WMICCLLOdES +100. a8 tos 2CONtS DEL! POUT sents... oon’ o Seale rato ge oe 7 00 fs 
MEAS OUT Marteer sc siven Wate ich eae Nee HONG es eet oh eee beac ameT 605! clauai lee ahh Gebaevabehatedace Malan es abe - 12 00 . See Sens 
Ala hiten ance. Soe ck ne hee ee ST ate. cee 5 00 < 
“TRESTLE aS eG Sik i peak ears Act ara Perret soy < tv eentane Mrs at ie retitled 2 00 
Matelritme eet al OX POUGG te se )yt aces d-seul hk a deobe Snipa Soe Mee 4 ee 10 00 
Oiicormerenera leex CUS aac acueiete. <5 Se tiousMrone’ caus, stevens, Setbet asad) ofe: Wenee areas 6 00 
2 PNG Er lee Oe ee ORI ie PSL Ss Sa wy edie 74 1 Ue ee a . $176 90 ie oie 
If the power cost 0.5 cent per kilowatt-hour, the charge for this item would be :— nee 
Me OOLKilOwatt-BOUrS: AtaOD. Celt s.r. sen, os acre Jia «obo aushtaeverisoReee teats $ 38 50 
Atdane tinal cost per ton-Of ferro ewoOUuld De .i.\c0 <s « saias pie eines tana 194 40 


. ; FPERRO-SILICON, 
“The following estimate is given by Messrs. Beckman and Linden for the cost of making 
4 a5 ton of the 50-per-cent. ferro-silicon. The output of a 300-kw. single-phase furnace would be 


400 tons per annum, or 1 ton daily. 


an 


2 Cost of making One Ton of 50-per- Scone, Ferro-silicon with $15 Power in a Large Furnace. 


Bem Powers horse-powersyear at $15 #... 0. os das cutee ued ceo seas meen 6 $15 00 Parte 2 


Quartz, 2,400 Ib. at $3.50 per net ton ............ re inels oro contin 4 20 
Soke O00TIN, at SS. pel NOL: COI waa. R25 og sees oe vis wee Sle oaee hon pete 4 80 
iienines te j0O'lb, at elLO*per Ne’ Toni 2— .Si.). estes were a Rap etinte, S30 aera 7 50 
HMlecnodes-sGUntbrn tat .CeMts PECL DOUNU Six. <r iperrecge pein: ocunlaraeus ean matali ote ae Oey 
BEANO UE Mere cence ets ce easel satel =e anes: cE RC MO iio tG, 6 Feo Wo OSS 16 00 
See TUELS A SRS ac de PERC SP Pe PORN Ae he oiry urs ca cece 1 50 
Biamieancdromices “CNeCTAl CX PENSE vias.. oreehns «michaels plete s<taralel abaiete (hale reteRa eaaiets 5 00 . 
Tureresteand) depreciation, 20 per Cent. /ave.cic. vslee «ars ome reetnen var ge 10 00° 


Dreilaiiciie a te \o) et wee ere le Bs 0 © 6) 06 Ord ere, gi ele syele SielLale e. 6, ene 6s, Mea lavare ls eres Siete el 8, 


ae 
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Ferro-manganese.—Before the war (December, -1913) the 80-per-cent. alloy sold at about 
$50 per long ton in the Eastern States. Its present price (October, 1918) is $250 for the — 


70-per-cent. alloy, with a charge of $3.50 per unit from that basis; thus the 80-per-cent. alloy 
would bring $285 per ton, which is nearly six times its price before the war. Before the war.a 


spiegel (low-grade ferro-manganese) containing 20 per cent. of manganese was worth $25 a ton; | 


at present a 16-per-cent. spiegel is worth $75 a ton, and a 20-per-cent. spiegel would be worth 
about $90 a ton. ; 

The price of ferro-manganese in British Columbia must be about $20 a ton higher than the 
above figures, so that if &0-per-cent. ferro-manganese could be made at $150 a ton there would 
be a very good profit at present prices. On the other hand, the business would be impossible 
if prices were to return to their original level, unless in the meantime very important economies 
could be effected in the cost of supplies and other operating expenses. 


Ferro-silicon—Before the war (December, 1913) the price of 50-per-cent. fento: silicon was — 


$73 a ton, the 10-per-cent. alloy was $21, the 11-per-cent. alloy was $22, and the 12-per-cent. alloy 
$28. At the present (October, 1918) 50-per-cent. ferro-silicon is quoted at $160 per ton, the 
9-per-cent. alloy is $55, the 10-per-cent. alloy is $57, and the 11-per-cent. alloy is $60 a ton. If 
the 50-per-cent. alloy can be made in British Columbia at anything like the estimated cost of 
$70 per ton, its manufacture should afford a good profit at present prices, and with reasonable 
economies should remain profitable even when prices have fallen considerably. 


It will be remembered, of course, that the present market for these alloys in British Columbia ~ 


is very limited, being less than a ton of each alloy daily. One reason for making ferro-alloys 


will be to supply them to the steel-making department of the plant, which otherwise would have | 


to buy these alloys at excessive prices, and as the steel industry develops the outside market 
for the alloys will increase. 
The design-and cost of the plant and furnaces for making ferro-alloys have been considered 
in other parts of this report. 
STEEL-MAKING. 


In order to be able to make pig-iron on as large a seale as possible, and also with a view 


to combining more profitable industries with that of iron-smelting, it is desirable to introduce 


into the electric-smelting plant furnaces and other appliances for making steel. The general 
scheme suggested is that about 25 tons of foundry iron should be produced daily for sale to 
iron-foundries, and a further 25 or 80 tons of white pig-iron should be made for conversion into 
steel in the same plant or elsewhere. The steel would probably be made in small open-hearth 
furnaces heated by oil, or in electric furnaces of the Heroult type. Together with 80 tons of 
pig-iron, about 60 tons of steel scrap could be used if desirable, thus yielding about 85 tons of 
steel daily. This could be used in part for making.steel castings, and the remainder could be 
rolled into rods and bars of small section in a small rolling-mill. The manufacture and the use 
of steel are too well known to require any discussion in this report, and it would be impossible 
-for me to treat the subject adequately in the space and time at my disposal. A rough estimate 
of the cost of a steel plant has been given in Appendix IX., and I may add the following estimate, 
made by, Lyon and Keeney in 1915, for the cost of electric steel-making in the Western States 
(Trans. Amer. Electrochem. Soe., 1915, XX VIII., page 158) :— 


Cost of Production of One Long Ton of Steel in the Electric Furnace ‘in the Western States. 


det tons xO SCLAp Atv o lesz MONE COM nomeus, one ceokete corso uence has eet natant ee enone eet orae aan $16 50 
Slae SMA TErra lS y's \27 sabe mie sce sed, ooo al eich or ahiatee alee iat erm ys alate Meettat Baie ee 1 00 
Merro-a OVS ys 24s Sate es Sie tile tele. Mea e oe ae ears Se Mcae ae (a> NLS eeT ae Pe RLS tows etn Rage 1 00 
SOOKkilowatt-hours; XtsO:2OLCEN tS. 5.o5i. 0) of eerie sora eevee teases ene ee 1 60 
DADO UI osha! okie te ape Oe eect Mie ReneS HO EE AG wie So ARES wn See MOP eS. Se ae 2) 50 
Maintenance and repairs. ..... 05.6. .c8. 6. SIS TE PE HS ack AM. OOM oe CNET: 2 40 
ZO AD OL SlECtrod es AT COMES yx ou ikaw whe cges) oseeredolcg smote tenet taal a oh lei uayereentn eins 1 00 
Amortization and depreciation at 5 per cent. each ......../........2.--. a0) 
Interestrat 6 Per COM tG Cn Pairs a onal Sis so idee: oy oe RUE ePa coe elie eae Penn RE eran see ae 90 
GROMMET T tone oy o da he Phe Oe rors ees TE SED oie ae aL RTP Ra ao eeae Gene CR eae eee 1 00 
ALO Va LU yates cetera Bate Brae, a) a aie rotons apa oes Ma eee Ghee eat sae us In Apia eee scout 50 = 


VICTORIAS B.C: 
Printed <8 WILLIAM H. CULLIN, Printer-to the King’s Most Excellent Majesty, 
1919. 
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nditions, to zampote Pritt oe arectinal material, Gon thereat are many pieposee: for which - 
teel can he made at a profit, under Rh rae conditions in British Columbia, even in electric 


Uh 
" ORR 


re 


